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MPR-SAT-FE-70-1
SATURN V LAUNCH VEHICLE FLIGHT EVALUATION REPORT - AS-507
APOLLO 12 MISSION
BY

Saturn Flight Evaluation Working Group
Georg2 C. Marshall Space Flight Center

ABSTRACT

Saturn V AS-507 (Apollo 12 Mission) was launched at 11:22:00.00 Eastern
Standard Time on November 14, 1969, from Kennedy Space Center, Complex
39, Pad A. The vehicle lifted off on schedule on a launch azimuth of

90 degrees east of north and rolled to a flight azimuth of 72.029 degrees
east of north. The launch vehicle successfully piaced the manned space-
craft in the planned translunar injection coast mode.

The Mandatory and Desirable Objectives of this mission were accomplished
with the exception of inserting the S-IVB/IU into a slingshot trajectory
on the first pass of the moon. No failures, anomalies, or deviations
occurred that seriously affected the flight or mission.

Any questicns or comments pertaining to the information contained in
this report are invited and should be directed to:

Director, George C. Marshall Space Flight Center

Huntsville, Alabama 35812

Attention: Chairman, Saturn Flight Evaluation Working
Group, S&E-CSE-LF (Phone 453-2575)
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MISSION PLAN

The AS-507 flight (Apollo 12 Mission) is the seventh fligh*t of the
Apollo/Saturn V flight test program. The primary objective of the
mission is to land astronauts on the lunar surface and return them
safely to earth. The crew consists of Charles Conrad, Jr. (Mission
Commander), Richard Gordon, Jr. (Command Module Pilot), and Alan Bean
(Lunar Module Pilot).

The AS-507 flight vehicle is composed of the S-IC-7, S-1I-7, and S-IVB-7N
stages; Instrument Unit (IU)-7; Spacecraft/Lunar Module Adapter (SLA)-15;
and Spacecraft (SC). The SC consists of Command and Service Module (CSM)
-108 and Lunar Module (LM)-6. )

Vehicle launch from Complex 39A at Kennedy Space Center (KSC) is along a
90 degree azimuth with a roll to a variable flight azimuth of 72 to 96
degrees measured east of true north. Vehicle mass at S-IC ignition is
6,484,620 1bm. The S-IC stage pcwered flight is approximately 162 seconds;
the S-II stage provides powered flight for approximately 387 seconds.
Following S-IVB first burn (approximately 135 seconds duration), the
S-1VB/IU/SLA/LM/CSM is inserted into a circular 100 n mi altitude (refer-
enced to the earth equatorial radius) Earth Parking Orbit (EPO). Vehicle
mass at orbit insertion is 300,003 1bm.

At approximately 10 seconds after EPQ insertion, the vehicle is aligned
with the local horizontal. Continuous hydrogen venting is initiated
shortly after EPQ insertion and the Launch Vehicle (LV) and CSM systems

are checked in preparation for the Translunar Injection (TLI) bum. During
the second or third revolution in EPQO, the S-IVB stage is reignited and
burns for approximately 345 seconds. This burn injects the S-IVB/IU/SLA/
LM/CSM into a free-returm, translunar trajectory.

Approximately 15 minutes after TLI, the vehicle initiates an inertial
attitude hold for CSM separation, docking and LM ejection. Following the
attitude freeze, the CSM separates from the LV and the SLA panels are
jettisoned. The CSM then transposes and docks to the LM. After docking,
the CSM/LM is ejected from the S-IVB/IU. Follcwing CSM/LM ejection, the
S-IVB/IU configuration achieves a co-rotational slingshot trajectory by
using propulsive venting of liquid hydrogen (LH2), dumping of liquid oxygen
(LOX? and by firing the Auxiliary Propulsion System (APS) ullage engines.
The slingshot trajectory results in a solar orbit for the S-1VB/IU.
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During the 3 day translunar coast, the astronauts perform star-earth
landmark sightings, Inertial Measurement Unit (IMU? alignments, general
lunar navigation procedures and possibly four midcourse corrections. One
of these corrections will maneuver the SC into a hybrid trajectory
approximately 28 hours after TLI. At approximately 83 hours and 25
minutes, a Service Propulsion System (SPS) burn (Lunar Orbit Insertion
[LOI]) of approximately 342 seconds inserts the CSM/LM into a 60 by

170 n mi altitude parking orbit.

Approximately two revolutions after LOI, a 17.6-second SPS bur will
adjust the orbit into a 54 by 66 n mi altitude. The LM is entered by
astronauts Conrad and Bean and checkout is accomplished. During the
thirteenth revolution in orbit at 108 hours, the LM separates from the CSM
and prepares for the lunar descent. The LM descent propulsion system is
used to brake the LM into the proper landing trajectory and maneuver the
LM during descent to the lunar surface.

Following lunar landing, two 3.5 hour Extra-Vehicular Activity (EVA) time
periods are scheduled during which the astronauts will explore the lunar
surface, examine the LM exterior, investigate in the vicinity of the
Surveyor III spacecraft, and deploy scientific instruments. The total
stay time on the lunar surface is open-ended, with a planned maximum of
32 hours, depending upon the outcome of current lunar surface operations
plunning and of real-time operational decisions. After the EVA, the
astronauts prepare the ascent propulsion system for lunar ascent.

The CSM performs a plane change approximately 19 hours before lunar ascent.
¢ approximately 142 hours and 8 minutes, the ascent stage inserts the LM
into a 9 by 45 n mi altitude lunar orbit, and rendezvous and docks with
the CSM. The astronauts rcenter the CSM, jettison the LM, photograph
possiile lunar exploration sites, and prepare for Transearth Injection
(TEI). TEI is accomplished at approximately 172 hours and 23 minutes

with a 129-second SPS burmn. The time and duration of the SPS TEI burn

is dependent upon an optional astronaut rest period.

During the 72-hour transearth coast, the astronauts perform navigation
procedures, star-earth-moon sightings and possibly three midcourse
corrections. The Service Module (SM) separates from the Command Module
(CM) 15 minutes before reentry. Splashdown occurs in the Pacific Ocean
approximately 244 hours and 35 minutes after 1iftoff.

After the recovery operations, a biological quarantine is imposed on the
crew and CM. An incubation period of 18 days from splashdown (21 days

from lunar ascent) is required for the astronauts. The hardware incubation
period is the time required to analyze certain lunar samples.
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FLIGHT SUMMARY

The fifth manned Saturn V Apollo space vehicie, AS-507 (Apollo 12 Mission)
was launched at 11:22:00 Eastern Standard Time (EST) on November 14, 1969
from Kennedy Space Center (KSC), Complex 39, Pad A. This seventh launch
of the Saturn V/Apollo successfully performed all the mandatory and de-
sirable objectives required for successful accomplishment of the primary
mission objective which basically was to perform an ALSEP lunar landing
mission. The only objective not accomplished, insertion of S-IVB/IU into
a solar orbit, fundamentally had no effect on the mission.

The launch countdown support systems performed well. However, several
systems experienced component failures and malfunctions that required
corrective action, but all repairs were accomplished in time to maintain
the launch schedule. Damage to the pad, mobile launcher, and support
equipment was minor.

The trajectory parameters of AS-507 from launch to Translunar Injection
(TLI) were close to nominal. The vehicle was launched on an azimuth 90
degrees east of north. A roll maneuver was initiated at 12.8 seconds that
placed the vehicle on a flight azimuth of 72.029 degrees east of north.
The space-fixed velocity at S-IC Qutboard tngine Cutoff (OECO) was 10.4
m/s (34.1 ft/s) less than nominal. The space-fixed velocity at S-I1 OECO
was 17.3 m/s (56.8 ft/s) less than nominal. The space-fixed velocity at
parking orbit insertion was 0.5 m/s (1.7 ft/s) less than nominal. The
apogee was 0.2 kilometer (0.1 n mi) greater than nominal, and the perigee
was 4.0 kilometers (2.2 n mi) less than nominal. The parameters at TLI
were also close to nominal. The space-fixed veiocity was 1.6 m/s (5.2 ft/s)
less than nominal, the altitude was 1.6 kilometers (0.9 n mi) less than
nominal and C3 was 60,828 mZ/sZ (654,747 ft2/s2) less than nominal. Follow-
ing Lunar Module (LM) ejection, the vehicle attempted a slingshot maneu-
ver. The S-IVB/IU closest approach of 5707 kilometers (3082 n mi) above
the lunar surface did not provide sufficient energy to escape the earth-
moon system. The failure to achieve slingshot was due to the application
of an excessively long ullage engine burn which was calculated using the
telemetered state vector rather than the vector obtained from tracking.
Even thougii the slingshot maneuver was not achieved, the fundamental ob-
jectives of not impacting the spacecraft, the earth or the moon were
achieved.

A1l S-IC propulsion systems performed satisfactorily ard the propulsion
performance level was very close to the predicted level. Stage site thrust
(averaged from liftoff to OECO) was 0.55 percent higher than predicted.
Total propellant consumption rate was 0.26 percent higher than predicted
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with the total consumed Mixture Ratio (MR) 0.34 percent higher than pre-

dicted. Specific impulse was 0.20 percent higher than predicted. Center
Engine Cutoff (CECO) was commanded by the IU as planned. OECO, initiated
by the LOX lTow level sensors, occurred 0.74 second earlier than predicted.

The S-II propulsion system performed satisfactorily throughout the flight.
The S-1I stage operation time was 2.1 seconds loager than predicted.

Total stage thrust at 61 seconds after S-II Engine Start Command (ESC)

was 0.05 percent below predicted. Total propellant flowrate (including
pressurization flow) was equal to the predicted and vehicle specific
impuise was 0.05 percent below predicted at this time slice. Stage pro-
pellant MR was 0.36 percent above predicted. Low frequency low amplitude
oscillations were cl-erved on all engines during S-II boost prior to CECO;
however, net engine performance levels were not affected.

The J-2 engi.e operated satisfactorily throughout the operational phase

of S-IVB first and second burns with normal engine shutdowns. 5-IVB first
burn duration was 2.5 seconds longer than predicted. The engine perform-
ance during first burn, as determined from standard altitude reconstruc-
tion analysis, deviated from the predicted by +0.40 percent for thrust
while the specific impulse was equal to the predicted. The Continuous
Vent System (CVS) adequateiy regulated LHp tank ullage pressure during
orbit, and the Oxygen/Hydrogen ?Oz/Hz) burner satisfactorily achieved LH?
and LOX tank repressurization for restart. However, the 02/H2 burner
sihutdown did not occur at the programed time due to an intermittent elec-
trical "open" circuit. This delay in shutdown resulted in a suspected
burnthrough in the 02/H burner. Engine restart conditions were within
specified limits. The restart at full open Propellant Utilization (PU)
valve pozition was successful. S-IVE second burn duration was 3.8 seconds
less than predicted. The engine performance during second burn, as de-
termined from the standard altitude reconstruction analysis, deviated from
the predicted by 0.76 percent for thrust and 0.05 percent for specific
impulse. Subsequent to second burn, the stage propellant tanks were safed
satisfactorily, with sufficient impuise being derived from the LOX dump to
impart 32.8 {t/s to stage velocity.

The S-IC, S-1I, and S-1VB stage hydraulic systems performed satisfactorily.
During this period all parameters were within specification limits, although
the return fluid temperature of one S-IC actuator rose unexpectedly at 100
seconds.

The structural loads experienced during the S-IC boost phase were weli
below design valurs. The maximum high Q region bending moment was 37 x

106 1bf-in. at the S-IC LOX tank which was less than 20 percent of design
value. Low leve® oscillations, siwilar to those of previous flights, were
evident during each stage burn but c.iused no problems. The S-II stage ex-
perienced four periods of 16-hertz oscillations during S-.I mainstage

prior to CECO. Oscillations in the chamber pressure, LOX sump pressure,
and LOX inlet pressure occurred at the same frequency as the structural
vibrations. The loading resulting from these oscillations, however, caused
no structural failure or degradation.
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The guidance and navigation system performed satisfactorily. The parking
orbit and TLI parameters were within the 3-sigma tolerance. The S-IVB/IU
did not achieve heliocentric orbit due to the computed time for *he APS
ullage burn. This burntime computation was based on the telemetered state
vector which was within the 3-cigma limit but exceeded the allowabie limits
for accomplishing siingshot. 7The state vector was in error due to a rather
large space-fixed component velocity difference observed prior to the S-1VB
stage second burn, which was enlarged through the second active guidance
period. The LVDC, the Launch Vehicle Data Adapter (LVDA), and the ST-124M-2
inertial platform functioned satisfactorily.

The AS-507 Flight Control Computer (FCC), Thrust Vector Control (TVC) and
APS satisfied all requirements for vehicle attitude control during the
flight. Al1l maneuvers were properly accomplished. All separations oc-
curred as expected without oproducing significant attitude deviations.

The AS-507 launch vehicle electrical systems and Emergency Detection System
(EDS) pe:iformed satisfactorily throughout all phases of flight except
during S-IVB restart preparations. Uuring this time the S-IVB stage elec-
trical systems *id not respond properly to buraer LOX shutdown valve
"CLOSE" and telemetry calibrate "ON" commands from the S-IVB switch selec-
tor. Both of the command failures were isolated to intermittent condi-
tions in a bus module (404A3A29) or the associated mating connector
(404A3W1P29) located in the S-IVB sequencer. Operation of the patteries,
power supplies, inverters, Exploding Bridge Wire (EBW) firing units and
switch selectors was normal.

Apollo 12 was the first Saturn vehicle launched in rainy weather. Shortly
after 36.5 seconds into the flight, there were numerous space vehicle in-
dications of a massive electrical disturbance, followed by a second dis-
turbance at 52 seconds. The astronauts reported that, in their opinion,
the vehicle had been hit by lightning. Camera data, telemetered data,

and Launch Vehicle Data Adapter/Launch Vehicle Digital Computer (LVDA/LVDC)
bit errors showed that the vehicle had bean struck by lightning at 36.5
seconds. Virtually no discernible effects ware noted on the launch vehi-
cle during the 52-second disturbance. Atmospheric electrical factors and
the fact that the vehicle does not have the capacitance to store suffi-
cient energy to produce the effects noted indicate that the lightning
discharge at 36.5 seconds was triggered by the vehicle. The 52-second
disturbance may have been due to a lesse shtning discharge. The launch
vehicle hardware and software suffered n. . mificant effects; therefore,
the mission proceeded as scheduled. There is no evidence of vehicle pyro-
technics being endangered, due to built-in protection in the circuitry.
Some modification to present launch mission rules will be required to pre-
clude launching of the vehicle when the probability of triggered lightning
discharges is deemed unacceptable.

Vehicle base pressure environments were generally in good agreement with

previous flight data. Base thermal environments, in general, were
similar to those experienced on earlier flights.
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The Environmentai Control System (ECS; performed satisfactorily. There
was evidence of direct incidence solar heating near IU panel 20, through
the open end of the IU, after spacecraft separation. Components located
in this area, cooled by the Thermal Conditioning System (TCS), showed an
increase in temperature without any performance degradation through 40,000
seconds. During this period of solar heatinj, the gas bearing differen-
tial pressure decreased below the expected lower limit because of tempera-
ture effects of the Gas vearing Supply (GBS) system GN2 pressure regula-
tor. The performance of the ST-124M-3 platform was not affected by this
decrease in pressure.

A1l elements of the data system performed satisfactorily throughout
flight except for problems with the Command and Communication System
(CCS) uplink signai and omni downlink antenna system during translunar
coast. Measurement performance was excellent as evidenced by 99.9 per-
cent reliability. This reliability is the same as AS-506 when the
highest reliability for any Saturn V flight was attained.

Telemetry performance was nominal. Very High Frequency (VHF) telemetry
Radio Frequency (RF) propagation was generally good, though the usual
problems due to flame effects and staging were experienced. VHF data
were received to 25,260 seconds (07:01:00). Command systems RF perform-
ance for both the Secure Range Safety Command System (SRSCS) and CCS was
nominal except for the CCS problems noted. Goldstone Wing Station (GDSX)
received CCS signals to 46,070 seconds (12:47:50). Good tracking data
were received from the C-Band radar, with Merritt Island Launch Area
(MILA) indicating final LOS at 43,56 seconds (12:06:00). The 71 ground
engineering cameras piovided good data during the launch.
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FAILURES, ANGMALIES AND GEVIATIONS

Evaluation of the launch vehicle data revealed no failures, five
anomalies and eight deviations.
summarized in the following tables.
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Tabie 2.

Summary of Deviations
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SECTION 1
INTROBUCTION

1.1 PURPOSE

This report provides the National Aeronautics and Space Administration
(NASA) Headquarters, and other interested agencies, with the launch vehi-
cle evaluation results of the AS-507 flight. The basic objective of
fiight evaluation is to acquire, reduce, analyze, eveluate and report

on flight data to the extent required to assure future mission success
and vehicle reliability. To accomplish this objective, actual flight
failures, anomal.2s and deviations must be identified, their causes
accurately determired, ard complete information made available sc that
corrective action can be accciplished within the established flight
schedule.

1.2 SCOPL

The contents of this report are centered on the performance evaluation
of the major launch vehicle systems, with special emphasis or the fai'-
ures, anomalies and deviations. Summaries of launch operations and
spacecraft performance are included for completeness.

The official George C. Marshall Space Flight Center (MSFC) position at
this time is represented by this report. It will not be followed by a
similar report unless continued analysis or new information should prove
the conclusions presented herein to be significantly incorrect. Reports
covering major subjects and special subjects will be published as re-
quired.
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SECTION 2
EVENT TIMES

2.1  SUMMARY OF EVENTS

Range zero time, the basic time reference for this report, is 11:22:00
Eastern Standard Time (EST) (16:22:00 Universal Time [UT]). Range time
is calculated as the elapsed time from range zero time and, unless other-
wise noted, is the time used throughout this report. The actval and pre-
dicted range times are adjusted to ground telemetry received times. The
Time-From-Base times are presented as vehicle times. Figure £-1 shows
the time delay of ground telemetry received time versus Launch Vehicle
Digital Computer (LVDC) time. The difference between ground and vehicle
time is a function of the LVDC clock speed and telemetry transmission
distance and indicates the magnitude and sign o€ correcciions applied to
correlate range time and vehicle time in Tables 2-1, 2-2 and 2-3.

Guidance Peference Release (GRR) occurred at -16.97 seconds and start of
Time Base 1 (Ty) occurred at 0.68 second. GRR was established by the
Digital Events Evaluator (DEE-6) and Ty was initiated at detection of
liftoff signal provided by de-energizing the liftoff relay in the Instru-
ment Unit ?IU) at IU umbilical disconnect.

Range times for each time base used in the flight sequence program and

the signal for initia.ing each time base are presented in Table 2-1.

Start of Tp was within nominal expectations for this event. Start of T3
was 0.7 second early. Ta and Tg were initiated approximately 1.4 and 4.0
seconds later than predicted, respectively, due to variations in the stage
burn times. These variations are discussed in Sections 5, 6 and 7 of this
document. Start of Tg, which was initiated by the LVDC upon solving the
restart equation, was 2.5 seconds later than predicted, Start of Ty was
1.1 seconds earlier than predicted. Tg, which was initiated by the
receipt of a ground command, was started 115.2 seconds later than the
predicted time.

A summary of significant events for AS-507 is giver in Table 2-2. Since
not all events listed in Table 2-2 are IU commanded switch selector func-
tions, deviations are not to be construed as failures to meet specified
switch selector tolerances. The events in Table 2-2 associated with
guidance, navigation, and control have been identified as being accurate
to within a major computation cycle.
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Figure 2-1. Telemetry Time Delay

The predicted times for establishing actual minus predicted times in

Table 2-2 have been taken from 40M33627B, "Interface Control Document
Definition of Saturn SA-507 Flight Sequence Program", aud from the "AS-507
H-1 Mission Launch Vehicle Operational Flight Trajectory", dated August 12,
1969.

2.2 VARIABLE TIME AND COMMANDED SWITCH SELECTOR EVENTS

Table 2-3 lists the switch selector events which were issued during the
flight but were not programed for specific times. The water coolant valve
open and close switch selector commands were issued based on the condition
of twu thermal switches in the Environmental Control System (ECS). The
outputs of these switches we'e sampled once every 300 seconds, beginning
at 180 seconds, and 3 switch selector command was issued to open or close
the water valve. The valve was open if the sensed temperature was too
high and the valve was closed if the temperature was too low.
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Table 2-1.

Time Base Summary

RANGE TIME
TIME BASE SEC SIGNAL START
(HR:MIN:SEC)
T0 -16.97 Guidance Reference Release
T] 0.68 IU Umbilical Disconnect
Sensed by LVDC
T2 135.32 S-IC CECO Sensed by LVDC
T3 161.79 S-1C OECO Sensed by LVDC
T4 552.36 S-II OECO Sensed by LVDC
Te 694.12 S-IVB ECO (Velocity) Sensed
by LVDC
T6 9464.48 Restart Equation Solution
(2:37:44.48)
T7 10,384.12 S-IVB ECO (Velocity) Sensed
(2:53:04.12) by LVDC
T8 16,000.25 Enabled by Ground Command
(4:26:40.25)

Table 2-3 also contains the special sequence of switch selector events
which were programed to be initiated by telemetry station acquisition
and included the following calibration seguence:

Function

Telemetry Celibrator
In-Flight Calibrate

T™M Calibrate ON
TM Calibrate OFF

Telemetry Calibrator
In-Flight Calibrate

ON

OFF

Stage
IU

S-1vB
S-1vB
IU

2-3

Time QSec[

Acquisition +60.0

Acquisition +60.4
Acquisition +61.4

Acquisition +65.0




Table 2-2.

Significant Event Times Summary

RANGE TIME TIME FROM BASE
ACTUAL ACT-PRED | ACTU:* | ACT-PRED
LVENT SEC SEC SEC SEC
1. Guidance Reference | -17.0 0.0 -17.6 0.1
Release (GRR)
2. S-IC Engine Start -3.9 0.0 -9.6 0.0
Sequence Conmand
(Ground)
3. S-IC Engine No. 1 -6.2 0.0 -6.9 0.0
Start
4. S-1C Engine No. 2 -5.9 0.0 -6.6 0.0
Start
5. S-IC Engine No. 3 -6.1 0.0 -6.7 0.0
Start
6. S-IC Engine No. 4 -6.0 0.0 -6.6 0.0
Start
7. S-IC Engine No. 5 -6.5 - 0.0 -7.2 0.0
Start
8. A1l S-IC Engines -1.4 0.1 -2.1 0.1
Thrust 0K
Y. Range Zero 0.9 - -0.7 -
10. A1l Holddown Arms 0.25 0.00 -0.42 -0.02
Released (First
Motion)
17, IU Umbilical 0.7 0.0 0.0 0.0
Disconnect, Start
of Time Base ! (T])
12. Begin Tower 2.4 0.7 1.8 0.2
Clearance Yaw
Maneuver*
13. End Yaw Maneuver* 10.2 0.5 9.6 0.2
14. Begin Pitch and 12.8 0.3 12.2 0.2
Rol1l Maneuver*
15. S-IC Cutboard 20.6€ -0.1 20.0 0.0
Engine Cant
16. End Roll Maneuver* 32.3 1.2 31.7 0.4
17. Mach 1 66.1 -1.0 65.4 -1.1

*Time is accurate to major computation cycle dependent upon length
of computation cycles.




Table 2-2. Significant Event Times Summary (Continued)
RANGE TIME TIME FROM BASE
ACTUAL ACT-PRLD ACTUAL ACT-PRED
EVENT SEC SEC SEC SEC

18. Maximum Dynamic 81.1 -2.7 80.4 -2.7
Piressure (Max Q)

19. S-IC Center Engine

20. Start of Time 135.4 0.1 0.0 0.0
Base 2 (T2)

21. End Pitch Maneuver 158.1 0.2 22.7 0.0
(Tilt Arrest)*

22. S-1C Outboard 161.74 -0.74 26.36 -0.82
Engine Cutoff '
{0ECO)

23. Start of Time 161.8 -0.7 0.0 0.0
Base 3 (T3)

24. Start S-II LHp 16'.9 -0.7 0.1 0.0
Tank High Pressure
Vent Mode

25. S-11 LHE Recircu- 162.0 -0.7 0.2 0.0
lation Pumps Off

26. S-II Ullage Motor 162.2 -0.8 0.5 0.0
Ignition

27. S-1C/S-II Separa- 162.4 -0.8 0.7 0.0
tion Command to
Fire Separation
Devices and
Retro Motors

28. 5-11 Engine Start 163.1 -0.8 1.4 0.0
Command (ESC)

29. S-II Engine 163.2 -0.7 1.4 0.0
Solenoid Activation
(kverage of Five)

30. S-II Ullage Motor 166.4 -0.7 4.6 0.0
Burn Time Termi-
nation (Thrust
Reaches 75 Percent)

31. S-1I Mainstage 166 .4 -0.5 4.6 0.2

*Time is accurate to major computation cycle dependent upon length
of corputation cycles.
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Table 2-2.

Significant Event Times Summary (Continued)

RANGE TIME

TIME FROM BASE

EVENT

ACTUAL
SEC

ACT-PRED
SEC

ACTUAL
SEC

ACT-PRED
SEC

32.

a3.

34.

35.

36.

37.

38'

39.

40.

4.

42.

43.

S-1I Chilldown
Valves Close

Activate S-II PU
Sys tem

S-1I Second Plane
Separation Command
(Jettison S-II Aft
Interstage)

Launch Escape
Tower (LET)
Jettison

Iterative Guidance
Mode (IGM) Phase 1
Inttiated*

S-11 LOX Step
Pressurization

S-I1 Center Engine
Cutoff (CECO)

S-11 LHZ Step
Pressurization

Guidance Sensed
Time to Begin EMR
Shift (IGM Phase 2
Initiated and Start
of Artificial Tau
Mode)*

S-1I Low Engine
Mixture Ratio
(EMR) Shift
(Actual)

End of Artificial
Tau Mode*

S-11 Qutboard
Engine Cutoff
(OECO)

168.1

168.7

192.4

197.9

202.5

261.7

460.75

461.7

487.3

490.0

498.7

552.34

0.6

1.4

1.36

6.4

6.9

30.7

36.1

40.7

100.0

298.96

300.0

325.5

328.2

336.9

390.54

0.0

0.0

0.0

0.0

-0.04

0.0

1.2

1.3

2.1

2.04

*Time is accurate to major computation cycle dependent upon length
of computation cycles.
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Table 2-2. Significant Event Times Suwmary (Continued)
RANGE TIME TIME FROM BASE
ACTUAL ACT-PRED | ACTUAL | ACT-PRED
EVENT SEC SEC SEC SEC
44, S-11 Engine Cutoff 552.4 1.4 0.0 0.0
Interrupt, Start
of Time Base 4
(Tg) (Start of IGM
Phase 3)
45. S-1VB Ullage Motor 5583.1 1.3 0.8 1.0
Ignition
46. S-11/S-1VB Separa- 553.2 1.3 0.9 0.0
ticn Command to
Fire Separation
Devices and Retro
Motors
47. S-1VB Engine Start 553.3 1.3 1.0 0.0
Command ?First ESC)
48. Fuel Chilldown 554.5 1.3 2.2 0.0
Pump Off
49. S-IvB Ignition 556.6 1.6 4.C 0.2
(STDV Open)
50. S-IVB Mainstage 559.1 1.6 6.7 0.2
51. Start of Artificial 559.5 1.0 7.2 -0.3
Tau Mode*
52. S-IVB Ullage Case 565.1 1.3 12.8 0.0
Jettison
53. End of Artificial 568.8 1.5 16.4 0.1
Tau Mode*
54. Begin Terminal 660.4 3.9 108.0 2.5
Guidance*
b5. End IGM Phase 3* 685.9 2.5 133.6 1.2
&€. Begin Chi Freeze* 685.9 2.5 133.6 1.2
57. S-IVB Velocity 693.N 4.05 -0.21 -2.01

Cutoff Command

(First Guidance
Cutoff) (First ECO)

*Time is accurate to major computation cycle dependent upon length
of computation cycles.
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Table 2-2. Significa it Event Times Summary (Continued)
RANGE TIME TIME FROM BASE
ACTUAL ACT-PRED | ACTLAL | ACT-PRED
EVENT SEC SEC SEC SEC

58. S-IVB Engine 694.1 4.0 0.0 0.0
Cutoff Interrupt,
Start of Time
Base 5 (Ts)

5. S-IVB APS Ullage 694 .4 4.0 0.3 0.0
Engine No. 1
Ignition Command

60. S-1VB APS Ullage 694.5 2.0 0.4 0.0
Engine No. 2
Ignition Command

61. LOX Tank 695.3 4.0 1.2 0.0
Pressurization Off

62. Parking Orbit 703.9 4.0 9.8 0.0
Insertion

63. Begin Maneuver to 714.2 3.7 20.1 -0.3
Local Horizontal
Attitude*

64. S-IVB LH2 Contin- 753.1 4.0 59.0 0.0
uous Vent System
(CVS) On

65. S-IVB APS Ullage 781.1 4.0 87.0 0.0
Engine No. !
Cutoff Command

66. S-IVB APS Ullage 781.2 4.0 87.1 v.0
Engine No. 2 '
Cutoff Command

67. Begin Orbital 795.1 4.6 101.0 0.6
Navigation*

68. Begin S-IVB Restart 9464 .5 2.5 0.0 0.0
Preparations, Stary
of Time Base 6 (Tg)

69. S-IVR PU Mixture 9914.5 2.4 450.1 0.0
Ratio 4.5 On

70. S-IVB APS Ullage 9960.7 2.4 496.3 0.0

Engine No. 1
Ignition Command

*Time is accurate to major computatiun cycle dependent upon length
of computation cycles.
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Table 2-2. Significant Event Times Summary (Continued)
RANGE TIME TIME FROM BASE
ACTUAL ACT-PRED | ACTUAL | ACT-PRED
EVENT SEC SEC SEC SEC

71. S-1VB APS Ullage 9960.8 2.4 496.4 0.0
Engine No. 2
Ignition Command

72. S-1VB Q0p/Hz Burner 9961.2 2.4 496.8 0.0
Off (Helium Heater
0ff)

73. S-1VB 02/Hp Burmer 9965.7 2.4 501.3 0.0
LOX Off

74. S-IVB LHp Chill- 10,033.8 2.4 569.4 0.0
down Pump Off

75. S-1VB LOX Chill- 10,034.0 2.4 569.6 0.0
down Pump Off

76. S-IVB Engine 10,035.1 3.1 570.6 0.0
Restart Command
(Fuel Lead Initia-
tion) (Second ESC)

77. S-1VB APS Ullage 10,037.4 2.4 573.0 0.0
Engine No. 1
Cutoff Command

78. S-IV3 APS Ullage 10,037.5 2.4 573.1 0.0
Engine No. 2
Cutoff Command

79. S-1VB Second 10,042.7 2.7 578.2 0.2
Ignition (STDV
Open)

80. S-IVB Mainstage 10,045.2 2.7 580.,7 0.2

81. Engine Mixture 10,144.9 2.4 680.5 1.3
Ratio (EMR) Shift

82. S-IVB LHp Step 10,314.4 2.4 850.0 0.0
Pressurization
(Second Bum
Relay Off)

83. Begin Terminal 10,354.3 -1.7 889.8 -4.2
Guidance*

84. Begin Chi Freeze* 10,381.8 | -1.1 917.3 -3.6

*Time is accurate to major computation cycle dependent upon length
of computation cycles.




Table 2-2. Significant Event Times Summary (Continued)

RANGE TIME TIME FROM BASE
ACTUAL ACT-PRED | ACTUAL | ACT-PRED
EVENT SEC SEC SEC SEC
85. S-1VB Second 10,383.89 -1.12 -0.70 0.0
Guidance Cutoff
Command (Second
ECO)
86. S-IVB Engine Cut- 10,384.1 -1.1 0.0 0.0
off Interrupt,
Start of Time
Base 7 (T7)
87. LHy Vent On 10,384.6 -1.1 0.5 0.0
Command
88. Trenslunar 10,393.9 -1.1 9.8 0.0
Injection
89. Begin Maneuver to 10,404.4 -1.7 20.3 -0.6
Lccal Horizontal
Attitude*
90. Begin Orbital 10,404 .4 -2.7 20.3 -1.6
Navigation*
91. LHp Vent Off 11,283.9 -1.1 899.8 0.0
Command
92. Begin Maneuver to 11,285.0 -2.1 900.9 -1.0
Transposition and
Docking Attitude
(TD&E ) *
93. CSM Separation 11,884.9 -0.3 1500.8 1.1
94. CSM Dock 12,413.3 114.3 2029 .1 115.4
95. SC/LV Final 15,180.9 6.9 |4796.7 18.0
Separation
96. Start of Time 16,000.2 115.2 0.0 0.0
Base 8 (T8)
97. S-IVE LH2 Vent 16,580.4 115.2 580.2 0.0
On (CVS On)
98. Initiate Maneuver 16,581.0 116.0 580.7 0.7
to Slingshot
Attitude*

*Time is accurate to mejor computation cycle dependent upon length

of computation cycles.




Significant Event Times Summary {Continued)

RANGE TIME TIME FROM BAST
ACTUAL ACT-PRED ACTUAL ACT-PRED
EVENT SEC SEC SEC SEC
99. Begin LOX Dump 17,280.2 115.2 1280.0 0.0
100. End LOX Dump 17,338.2 115.2 1338.0 0.0
101. Hz Nonpropulsive 17,407.2 115.2 1407.0 0.0
vent (NPV) On
102. S-1VB APS Ullage 19,700.2 115.2 3700.0 3.0
Engine No. 1
Cutoff (nrmand
103. S-1VB APS Ullage 19,70G.4 115.2 3700.2 0.0
Engine Ne. 2
Cutoff Comicand
104. Initiate Maneuver | 20,197.0 112.0 4196.8 -3.2

to Coomunications
Attitude




Tatle 2-3.

Variable Time and Commanded Switch Selector Events

RANGE TIME

TIME FROM BASE

FUNCTION STAGE (SEC) (SEC) REMARKS
High (5.5) Engine Mixture S-11 487.9 T3 +326.1
Ratio Off
Low (4.5) Engine Mixture S-11 488.1 T3 +326.3
Ratio On
Water Coolant Valve Closed Y 781.4 T5 +87.3 LVDC Function
Telemetry Calibrator U 1063.3 T5 +369.1 CYI Rev !
Inflight Calibrate On
T Calibrate On S-IVR 1063.7 Ts +369.5 CYI Rev 1
TM Calibrate Off S-1vB 1064.7 T5 +370.5 CYI Rev 1
Telemetry Calibrator v 1068.3 T5 +374 .1 CYl Rev 1
Inflight Calibrate Off
Telemetry Calibrator 1 5367.2 T5 +4673.1 GYM Rev 1}
Inflight Calibrate On
TM Calicrate On S-Iv8 5367.6 Ts +4673.5 GYM Rev 1
TM Calibrate Off S-1vB 5368.6 TS +4674.5 GYM Rev
Telemetry Calibrator U 5372.2 T5 +4678.1 GYM Rev 1
Inflight Calibrate Off
Water Coolant Valve Open U 6479.7 Te +5785.6 LVDC Function
Telemetry (alibrator il 6679.2 T5 +5985.1 CYI Rev 2
Inflight Calibrate On
T™ Calibrate Or S-1vB 6679.6 TS +5985.5 CYI Rev 2
THM Calibrate Off 5-1vB 66£0.6 T5 +5986.5 CYI Rev 2
Telemetry Calibrator 1Y 6684 .2 T5 +5990.1 CYI Rev 2
Inflight Calibrate Off
Water Coolanrt Valve Cff Iy 6779.8 T5 +6085.7 LVDC Function
Telemetry Caiibrator 1y e791.1 Ys +8097.1 CRO Rev 2
Inflight Calibrate On
TM Calitrate On S-1v8 8791.6 T, +8097.5 CRO Rev 2
"M Calibrate Off S-1v8 8792.6 TS +8098.5 CRO Rev 2
Telemetry Calibrator Iv 8796.1 T5 +8102.1 CRC Rev 2
Inflight Calihrate Off
Telemetry Calibrator (1] 9864 .6 T6 +400.1 ARIA Rev 2

Inflight Calibrate On




Table 2-3. variable Time and Ccmmanded Switch Selector Events (Continued)
RANGE TIME | TIME FROM BASE
FUNCTION STAGE (SEC) (SEC) REMARKS
TM Calibrate On S-1vB 9864 .8 T6 +400.3 ARIA\ Rev 2
T™ Calibrate Off S-1vb 9865.8 T, +401.3 ARIA Rev 2
Telemetry Calibrator v 9869.6 Tg +405.1 ARIA Rev 2
Inflight Calibrate Off
Telemetry Calibrator 1Y 10,472.4 T7 +88.3 Acquisition by
Inflight Calibrate On Hawaii TLI
T™ Calibrate On S-1v8 10,472.8 Ty +88.7 Acquisition by
Hawaii TLI
TM Calibrate (ff S-1ve 10,473.8 Ty +89.7 "Acquisition by
- Hawaii TLI
Telemetry Calibrator IU 10,477.4 T7 493.3 Acquisition by
Inflight Calibrate Off Hawaii TLI
Burner LOX Shutdown Valve S-1v8 13,554.2 Ty #1701 €CS Command
Clcse On
Time Delay S-1vB 10,555.5 T7 +170.9 CCS Command
Burner LOX Shutdown S-1v6 10,555.9 T7 1117 CCS Command
Valve Close Off
Water Coolant Valve Open (U] 14,580.6 Ty +4196.4 LVDC Function
Hater Coolant Valve Closed Iy 14,880.90 T; +4495.8 LVDC Functiun
Water Coolant Valve Open v 17,282.5 Tg +1282.2 LVDC Function
Water Coolant Valve Closed Iy 17,580.6 Tg +1580.3 LVDC Function
Jater Coolant Valve Closed v i9,680.1 Tg +3679.9 LVCC Function
S-1V8 Ullage Engine No. 1 On S-1v8 19.753.2 Tg +3753.0 CCS Cormand
5-1VB Ullage Engine No. ! Off S-1V3 20,023.2 T8 +4023.0 CCS Command
S-1VB Ullage Engine No. 2 Off S-1VB 20,026.9 Tg +4026.7 CCS Command
CCs Coax Switch Fail-Safe Iy 21,157.0 Tg +5156.8 CCS Command
and High Gain Antenna
Water Coolant Valve Open Iv 21,180.6 18 +5180.4 LVDC Function
Water Coolant Valve Open [u 25,080.1 Tg +9079.9 LVDC Function
Water Coolant Vaive Closed v 25,360.7 Tg +9380.4 LVDC Function
Water Coolant Valve Closed (1] 27,180.7 Tg +11,180.4 LVDC Function
Water Coclant Valve Open v 29,980.7 Tg +12,980.4 LVDC Function
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SECTION 3
LAUNCH OPERATIONS

3.1 SUMMARY

The ground systems supporting the AS-507/Apcllo 12 countdown and launch
performed well. Several systems experienced component failures and
malfunctions that required corrective actions, but all repairs were
accomplished.in time to maintain the launch schedule. A leak developed
in a Command and Service Module (CSM) LH2 tank during cryogenic loading,
and the tank was replaced. An unscheduled hold of 6 hours was initiated
at -17 hours to permit retanking cryogenics in the CSM. However, this
delay time was recovered during the scheduled hold at -9 hours. Launch
vehicle propellant loading was accomplished satisfactorily. Launch
occurred at 11:22:00 Eastern Standard Time (EST), November 14, 1969, from
Pac 39A of the Saturn Complex. Damage to the launch pad, Mobile Launcher
(ML), and support equipment was minor.

3.2 PRELAUNCH MILESTONES

A chronological summary of events and preparations leading to the launch
of AS-507/Apollo 12 is contained in Table 3-1.

3.3 COUNTDOWN EVENTS

The AS-507/Apcllo 12 countdown started with spacecraft preparations at
-98 hours on November 8, 1969, at 19:00:00 EST. The primary portion of
the launch vehicle preparations was picked up at -28 hours on November 12,
1969, at 21:00:00 EST. 5Scheduled hoids in the Taunch countdown sequence
were 12 hours duration at -66 hours, 16 hours duration at -48 hours, ©
hours 22 minutes duration at -9 hours, and 1 hour duration at -3 hours
30 minutes. During spacecraft preparations on November 12, 1969, a leak
developed in the CSM LHo tank No. 2 during cryogenic loading. The tank
was drained and replaces using a tank from Apollo 13. An unscheduled
hold was initiated at -17 hours {08:00:00 EST, November 13, 1969) for
retanking cryogenics in tiie CSM. Loading was completed in o hours, and
the count resumed at 14:00:00 EST. The scheduled hold at -9 hours was
reduced by 6 hours, thereby averting a launch delay. Launch occurred on
schedule at 11:22:00 EST, November 14, 1969, from Pad 39A of the Saturn
Complex.
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Table 3-1.

AS-507/Apollo 12 Prelaunch Milestones

DATE

ACTIVITY OR EVENT

March 10, 1969
March 24, 1969
March 28, 1969
April 21, 1969
May 3, 1969

May 5, 1969

May 7, 1969
May 8, 1969

May 21, 1969
May 27, 1969
June 7, 1969
0, 1969
12, 1969

June

June

June 12, 1969
June 16, 1969

June 22, 1969

June 23, 19459

June 27, 1969

July 1, 19€9
August 17, 1969
August 21, 1969
September 8, 1969
September 10, 1969

September 30, 1969
October 20, 1969
October 28, 1969

Octcber 29, 1969
November &, 1969
November 14, 1969

S-iVE-7h Stage Arrival

Lunar Module (IM)-6 Arrival

Command and Service Module (CSM)-108 Arrival
S-11-7 Stage Arrival

S-1¢-7 Stage Arrival

Spacecraft/Lunar Module Adapter (SLA)-15
Arrival

S-1C Erection

Instrument Unit (IU)-7 Arrival
S-11 Erection

S-1V8 and IU Erections

CSM Mtitude Test With Prime Crew
CSM Altitude Test With Backup Crew

Launch Vehicle (LV) Propellant Dispersion/
Malfuncticn Overall Test (OAT)

LM Altitude Test With BRackup Crew
LM Altitude Test With Prime Crew
LM Landing Gear Installed

LM/SLA Mate

CSM/SLA Mate

Spacecraft (SC) Erection

Space Vehicle (SV) Electrical Mate
SV OAT No. 1 (Plugs In)

SV Transfer to Pad A

Mobile Service Structure {(MSS) Transfer
to Pad A

SV Flight Readiness Test (FRT) Completed
RP-1 Loading Completed

Countdown Demonstration Test (CDDT)
Completed (Wet)

CODT (Dry) Completed
SV Launch Countdown Started
SV Launch On Schedule

3-2




3.4 PROPELLANT LOADING
3.4.1 RP-1 Loading

The RP-1 system supported the launch countdown satisfactorily, and there
were no major probleme  The fill line cuteff valve in the Tail Service
Mast (iSM) opened after liftoff and resulted ir contamination of the RP-]
piping in the ML. Opening of the fill line cutoff valve indicates a loss
of valve GNy control pressure. This incident has occurred on previous
Taunches. The caust¢ of the pressure loss is being investigated.

3.4.2 LOX Loading

The LOX system successfully supported the launch countdown. LOX loading
ras completed and all stage LOX replenish operations started at about

-5 hours 24 minutes. During the LOX replenish operations at about -1 hour
22 minutes, tine repl.nish pump magnetic clutch seized. Pump speed surged
to motor speed (2600 RPM), and the LOX bypass ccnirol valve was driven
full open. There was no evidence of system overpressure, and the relief
valves did not cpen. The system was reverted and the backup pump chilled
down. Repleaish operations were restored at about -55 minutes without a
hold or countdown delay.

In response to the LCX pump clutch failure, a manual clutch disengage
command was issued from the firing rooin to remove current from the clutch
field winding. The command was not received; however, the same command
issued automatically as a part of the revert sequence was received, The
problem was subsequently traced to a faiied relay driver in the Pad A
Data Transmission System (DTS).

3.4.3 LHp Loading

The LH» system supported the launch countdown satisfactorily. Vehicle
LH> loeding was completed and replenishment initiated at about -3 hours

oA

50 minutes.

During vehicle LH» tank purge operations on November 7, 1969, the position
switches on two LHp system valves (S-IVB auxiliary fill valve and storage
area transfer line valve) became inoperative and were replaced. The

position switch on the transfer line valve failed agaiin and required
replacement the day prior to laurch.

3.4.4 Auxiliary Propulsion System Propellant Loading
Propellant loading of tie S-I1VB Auxiliary Propulsion Systei (APS) was
accomplished s~tisfactorily. Total propellant mass in both modules at

liftoff was 405 1bm of Nitrogen Tetroxide (N20Oz) and 252 ibm of Monomethy!
Hydrazine (MMH).
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3.5 S-I1 INSULATION, PURGE AND LEAK DETECTION

The perfornance of the S-11 stage insulation was satisfactory. All
performance parameters remained within acceptable levels, and no redline
lTimits were exceeded throughout launch preparations. No excessive hazardous
gas concentrations were encountered. Operational television was used to
inspect the insulation at various times during the countdown, and no
significant helium leakage was detected. The total heat leak through the
insulation to the LH» was well beiow specification 1umits.

At about -66 hours, an area of debonded insulative cork was discovered

and repaired. Three relatively small bubbies in the sidewall insulation
were observed on operational television prior to LOX loading. All were
considered acceptable for flight. No subsequent changes in the insulation
bubbles were observed.

The S-1I-7 stage was the last stage to have helium purged insulation. The
purge system was used in conjunction with the leak detection system for
detecting hazardous gas concentrations within the insulation while diluting
or removing the leaking gases.

3.6 GROUND SUPPORT EQUIPMENT (GSE)
3.6.1 Grourd/Vehicle Interface

Perfcrmance of the ground service systems supporting all stages of the
launch vehicle was satisfactory. Extension cf the primary damper arm was
interrupted at about -9 hours 30 minutes because of interference between
the damping cylinder rod and the Q-ball cover retract cable. A strong
southwest wind of 20 to 30 knots had blown the cable against the damper
arm, and cover removal might have resulted if extension operations had
been continued. A similar condition existed during damper arm retraction
scheduled at -3 hours 38 minutes. In both instances, the cable sheath
attached to the ML hammerhead crane had to be disassembled to cttain
sufficient cable slack to allow free .rm movement; however, this was
accomplished with no countdown delays. The Q-ball retraction system
functioned satisfactorily later.

The Holddown Arms (HDA) and inflight umbilical disconnects functioned
within design limits at vehicle liftoff. The HDA's were released at
0.25 second (all released within an 8 millisecond period). The TSM
retractions were normal. Service Arm (SA) total retract times to safe
angles were within specifications.

Postlaunch inspection revealed that overall damage to the launch site

(Pad A), ML, and support equipment from the blast and flame impingement
was minor. A gquench valve on SA No. 2 (Industrial Water System) failed to
open after liftoff. There was no apparent damage to the am as a result.
The lack of damage was due primarily to favorable wind conditions and
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spiliover from quench valves above. A detailed discussion of the GSE will
be contained in the Kennedy Space Center Apollo/Saturn V (AS-507) Ground
Systems Evaluation Report.

3.6.2 MSFC Furnished Ground Support Equipment

Performance of the mechanical and electrical equipment supporting the
launch operations was satisfactory. The Environmental Control System
(ECS) was operated with the Instrument Unit (IU) temperature control
system disabled (per MSFC direction); therefore, the water/methanol
temperature was controlled by the Ground Support Cooling Units (GSCU).
Blast damage to the equipment was normal.
during countdown were as follows:

a. At approximately -16 hours 15 minutes, the S-IVB gas heat exchanger
high-level sensor cycled randomly with no simulation applied (also
cycled earlier in the countdown). The discrete was masked during
LH2 loading with filling of the heat exchanger controlled by manual
override. At approximately -3 hours 40 minutes, the low-level sensor

Minor GSE deviations encountered

failed to drop out; the LH» fill valve was operated manually in response

to gas outlet temperature changes.

Excessive noise was noticed in the ML power supply to the IU at about
-15 hours. The system was transferved to the redundant power supp’y
while the original power supply was replaced with a spare. Subsequent
troubleshooting revealed the source «f the noise to be a vibrating
sheet metal side panel or the power supply mechanical assembly. The
panel was reapaired, and the original power supply retained on the ML
through launch for use as a spare.

c. The rate gyro digital ramp generator No. 1 (ramp No. 2), which drives
the Flight Control/EDS Rate Gyros, failed hardover at approximately
-6 hours 51 minutes. As a result, all command gyros were driven
momentarily to maximum precession. This condition suggested a
malfunction of the driver amplifier in the ramp generator panel. The
problem was corrected by procuring a previously calibrated driver
amplifier from ML 3 for use in ML 2.

3.6.3 Camera Coverage

Upon review of the film coverage, the following conditions were observed:

a. The S-1I stage forward umbilical cover did not secure upon SA with-
drawal from the vehicle. This condition also occurred during the
AS-506 launch.

b. The lightning discharge (2 bolts) that occurred at 36.5 seconds was
observed on films from three cameras. One of thes2 cameras was

located on the ML access elevator; the other two were located about
1300 feet from the vehicle (launch pad sites No. 4 and No. 5).
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SECTION 4
TRAJECTORY

4.1  SUMMARY

The trajectory parameters from launch tc translunar injection were close to
nominal. The vehicle was launched on an azimuth 90 deqrees east of north.
A roll maneuver was initiated at 12.8 seconds that placed the vehicle on

a flight azimuth of 72.029 degrees east of north.

The space-fixed velocity at S-IC Outboard Engine Cutoff (OECO) was 10.4 m/s
(34.1 ft/s) less than nominal. The space-fixed velocity at S-II OECO was
17.3 m/s (56.8 ft/s) less than nominal. The space-fixed velocity at S-IVB
first guidance cutoff was 0.6 m/s (1.9 ft/s) less than nominal. The alti-
tude at S-IVB first guidance cutoff was 0.5 kilometer (0.2 n mi) lower than
nominal and the surface range was 18.1 kilometers (9.8 n mi) greater than
nominal.

The space-fixed veiccity at parking orbit insertion was 0.5 m/s (1.7 ft/s)
less than nominal and the flight path angle was 0.014 degree less than
nominal. The eccentricity was 0.00032 greater than nominal. The apogee
was 0.2 kilometer (0.1 n mi) greater than nominal and the perigee was 4.0
kilometers (2.2 n mi) less than nominal.

The parameters at translurar injection were also close to nominal. The
eccentricity was 0.00100 less than nominal, the inclination was 0.019
degre2 greater than nominal, the node was 0.033 degree lower than nominal,
and C3 was 60,828 m/s2 (654,747 ft2/s2) less than nominal. The space-
fixed velocity was 1.6 m/s (5.2 ft/s) less than nominal and the altitude
was 1.6 kilometers (0.9 n mi) less than nominal.

Foliowing Lunar Module (LM) ejection, the vehicle was maneuvered to an
inertially fixed attitude as required for the evasive maneuver. The
evasive maneuver was accomplished by an Auxiliary Propulsion System (APS)
ullage burn, after which the vehicle was oriented to a slingshot attitude
fixed relative to local horizontal. The slingshot maneuver velocity change
was accomplished by a LOX dump, APS uillage burns, and LH2 vent. The
S-IVB/IU closest approach of 5707 kilometers (3082 n mi) above the lunar
surface did not provide sufficient ererg, to escape the earth-moon system.
The failure to achieve slingshot was due to the application of an exces-
sively long ullage engine burn which was calculated using the telemetered
state vector rather than the vector obtainec from tracking. Although the
slingshot mareuver was not achieved, the fundamental objectives of not
impacting the spacecraft, the earth or the moon were achieved.
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The actual impact locations for the spent 3-IC and S-II stages were
determined by a theoretical free-flight simulation. The surface range
for the S-IC impact point was 1.2 kilometers (0.6 n mi) greater than
nominal. The surface range for the S-II impact point was 26.7 kilometers
(14.4 n mi) less than nominal.

4.2 TRACKING DATA UTILIZATION
4.2.1 Tracking During the Ascent Phase of Flight

Tracking data were used from five different C-Band tracking stations
during the period from the time of first motion through parking orbit
insertion.

The best estimate trajectory was established by using telemetered guidance
velocities as generating parameters to fit the tracking data. Approxi-
mately 15 percent of the tracking data was eliminated due to inconsist-
encies. A comparison of the reconstructed ascent trajectory with the
remaining tracking data yielded good agreement. The launch phase portion
of the trajectory (liftoff to aporoximately 20 seconds) was established

by constraining integrated telemetered guidance accelerometer data to the
early phase of the best estimate trajectory.

4.2.2 Tracking During the Parking Oruit Phase of Flight

Orbital tracking was conducted by the NASA Manned Space Flight Network
(MSFN). Three C-Band radar stations furnished five data passes for use in
determining the parking orbit trajectory. There were also two passes of
S-Band tracking data available which were not used due to the adequate
coverage provided by the C-Band radar data.

The parking orbit trajectory was obtained by integrating corrected inser-
tion conditions forward to the S-IVB seccnd burn restart preparation event.
The insertion conditions, as detemined by the Orbital Correction Program
(OCP), were obtained by a differential correction procedure which adjusted
the estimated insertion conditions to fit the C-Band radar tracking data
in accordance with the weights assigned to the data. The venting model
utilized to fit the tracking data was derived from telemetered guidance
velocity data from the ST-124M-3 guidunce platform.

4.2.3 Tracking During the Injection Phase of Flight

C-Band radar data were obtained from Hawaii during the latter portion of
the injection phase of flight.

The injection trajectory was established by utilizing telemetered guidance
velocities as generating parameters to fit the Hawaii tracking data. These
data were fit through a guidanze error model, initialized from the S-IVB
restart vector obtained from the orbital solution, and constrained to the
Translunar Injection (TLI) vector obtained from the post TLI trajectory.
Comparison of the injection trajectory with the tracking data yielded good
agreement.
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4.2.4 Tracking During the Post Injection Phase of Flight

Tracking data from three C-Band radar stations fumished data for use in
determining the post TLI trajectory. The available S-Band tracking data
were not used due to the availability of the C-Band radar data during the
same time periods.

The post TLI trajectory was obtained by integrating corrected injection
conditions forward to S-IVG/CSM separation. The corrected injection
condi tions were determined by the same method outlined in paragraph 4.2.2.

4.3 TRAJECTORY EVALUATION
4.3.1 Ascent Trajectory

Actual and nominal altitude, surface range, and cross range for the ascent
phase are presented in Figure 4-1. Actual and nominal space-fixed velocity
and flight path angle during ascent are shown in Fig.re 4-2. Ccmparisons
of total inertial accelerations are shown in Figure 4-3. The maximum
accelerastion during S-IC burm was 3.91 g.

Mach number and dynamic pressure are shown in Figure 4-4, These parameters
vere calculated using meteorological data measured to an altitude of 54.8
kilometers (29.6 n mi). Above this altitude the measured data were merged
into the U. S. Standard Reference Atmosphere.
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Actual and nominal values of parameters at significant trajectory event
times, cutoff events, and separation events are shown in Tables 4-1, 4-2,
and 4-3, respectively.

The free-flight trajectories of the spent S-IC and S-II stages were simu-
lated using initial coniitions from the final postflight trajectory. The
simulation was based up:n the separation impulses for both stages and
nominal tumbling drag coefficients. No tracking data were available for
verification. Ta-le 4-1 presents a comparison of free-flight parameters
to nominal at apex for the S-IC and S-II stages. Table 4-4 presents a
compariscn of free-flight parameters to nominal at impact for the S-IC
and S-I1 stages.
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4.3.2 Parking Orbit 1rajectory

The actual and nominal parking orbit insertion parameters are presented in
Table 4-5. The ground track from insertion to S-1VB/CSM separation is
given in Figure 4-5,

4.3.3 Injection .rajectory

Comparisons between the actual and nominal space-fixed velocity and flight
path angle are shown in Figure 4-6. The actual and nominal total inertidl
acceleration comparisons are presented in Figure 4-7. Throuchout the S-IVg
second burm phase ¢f flight, the space-fixed velocity was cliose to nominxl
with deviations more noticeable towards the end of the time period. The
trcjectory and targeting parameters at S-1VB second guidance cutoff are
pre:ented in Table 4-2.

4.3.4 Post TLI Trajectory

The actual translunar injection conditions are compared with nominal in
Table 4-6. A comparison of the actual and nominal S-IVB/CSM separation
conditions is presented in Table 4-3.

4-5



4.0 16
[ T | ———acTUAL
ssd  1ad INOHINAL
] o
3.0 12 i \

|/ 1
DYNANIC pnassunzq\/ N\
5= 10 - A

N
E
[® ]
= ¢ %
i \
w W

[--]
- E / \
©w o 2.0q4 =8 \
s 2 / ul

(&)
(3} § \
E 1.5 61— . \\ {
= 1.
5 | | /

\ VvV
1.0 '}
| MACH KUMBE
| | | \
0.5~ 2 4 / -
/) T _
0~ 0 4 L) -1
0 20 40 60 80 100 120 140 160

RANGE TIME, SECONDS
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4.3.5 S-IvB/IU Post Separation Trajectory

A time history of the actual and nominal (real-time predicted) velocity
increase along the vehicle longitudinal axis for the evasive and the
slingshot maneuvers is presented in Figure 4-8, Table 4-7 presents a
comparison o1 the actual and nominal velocity increase due to the various
phases of both maneuvers.

The S-IvB/IU closest approach altitude of 5707 kilometers (3082 n mi) above
the lunar surface occurred 85.8 hours into the mission. The actual and
nominal (real-time predicted) conditions at the closest approach to the
moon are presented in Table 4-8. Actual trajectory parameters were
determinea by integrating a state vector computed by the Manned Spacecraft
Center (MSC) from Unified S-Band (USB) tracking data obtained during the
active lifetime of tie S-IVB/IU. Figure 4-9 illustrates the effect of the
moon as the S-IVB/IU passes through the lunar sphere of influence.
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Table 4-1. Comparison of Significant Trajectory Events

Fvent FARAML TR LUR ALY NOM, NAY ALT.NOM
Firgt Matinn Qange 0w O Yo a3 n.o
Total Trertaal A wlacatsnn, mee’ Vooza 16 63 0.21
(1o [ TR B (in vy tn.69)
(1) {1 na) 11 07) n.nr)
Mach Pange Time. @ LY s} 1.6
Altrtude, &m 7R .8 n.o
(o mi) (a.2) (a?) o)
Maximum Dyramic Precsyre Range Time, e LN Al 8 -Z2.7
Dynamic Precsure, N/‘:m‘1 3.27 3 -0.0%
(Ine/§17) (671.0) (693.3) (-10.4)
v Altitude, m (N 13,5 -6.7
{n mi) (6.9) (7.3) {-0.4)
Maximum Total lnertial
Acceleration: S-1C Range Time, sec 161.82 161.29% 0.57
Accelrration, n!tz 3R. 3¢ 37 ne 0.50
{ft/s?) (125.19) (128.1%) (1.64)
(a) (3.91) (1.86) (0.08)
S-11 Ranqge Time, coc 460 .83 2461 .65 -0.82
hcceleratinm, m/st 17.92 18.12 -0.25
(£1/52) (58.79) (59.61) | (-0.82)
{q) (1.83}) {1.588) (-0.02)
S-TVR 15t Rurn Panage Time, sec 693 99 689 98 4.0%
Acceleration, m/s? 6.77 6.7/ 0.00
(ft/5¢) t22.21) (22.2m) (0.00)
{q) (0.69) (0.69) (0.00)
S-1VR 2nd Hurn Range Time, sec 10,384, 02 10,385.09 -1.07
Acceleration, n/tg 14,55 14,53 0.02
(ft/s€) (a7.74) (47.67) (0.07)
(a) 1 48) (1.48) {0.00)
Meximum Earth-fixed
Velocity: S-1IC Range Time, sec 162 .16 163.19 -1.01
Velocity, m/s 2,393.3 2.402.9 -9.6
(ft/s) (7.8%2.0) (7.883.5) -3i.9)
S-11 Range Time, sec 5%3.20 561.89 o
Velccity, m/s 6,5'8.6 6.975.9 <173
(ft/s) (21.517.7) (21,974.%) (-%6.8)
S-1VR Tst Byrn Range Time, sec 703 .34 699 .86 4.05
Velocity, &/s 7,380 ) 7,3R9.¢6 -0.%
(1t/¢) {°84,282.%) (7q.248 1) {-1.6)
S-1V8 2nd Rurm Range Time, sec 11384 32 10,IRE &S -113
Velocity, m/g 10387 .8 10,303 3 -0.9
(fer/e) (34, 063.0) (38,066.0) (-3.0}
Aper $-1C Stage Range Time, sec 215 ¢ 274 9 0.7
Altitude, &km 17y 0 120 7 1.2
(a mi}) (66 &) (65,71 0.7}
Surface Range, ¥m 136 135 0 1.0
(r m1) [REARE B (TR0 M i0.9)
$-11 Stage | Range Time, sec w7 LA 38
) Altitude, &m 1012 Tao 3
[n mi) (114.2) (10 1) (6. 1)
Surface Panqe . &m 1, w8 R Tl n HPE Y
(n mi) (9ns A {«r Q) t&% Q3
NOTE: Timer ysed are vehicle times,




Table 4-2, Comparison of Cutoff Events
PARARE TER ACTUAL NOM| NAL ACT-nOm ACTUAL NOMINAL ACT-NOW
S-1C CECO (ENCLINE SOLEWOID) S-1C QECO {EMGINE SOLENOID)
Range Time, sec 13524 IJS.?l -0.03 16t 74 . ALY 1] -0.24
Altitude, ka 48,7 4.9 0.8 68.1 67.7 G.4
{n mt) (28.1) (23.7) (0.4) (36.8) (36.6) (0.2)
Surface Ramge, &km a7 46.¢ 0.9 93.7 9¢.2 -0.%
(n ni) {2%.¢4) (28.9) (0.%) (50.6) (80.:) (-0.3)
Space-Fixed Velocity, m/s 979.¢ 1,967.4 2.1 2,750.7 2,761 -10.4
(ft/s) (6 49l l) (6.458.7) (39.7) {(9.024.6) (9,058.7) (-38.1)
Flight Path Anqle, deg 23.904 23.820 0.124 20.513 20.309 0.20¢
Heading Ancle, deq 16.1:5 76.290 -0.12% 15.20 75.35¢ -0.123
Cross Range, ke -0.2 0.2 -0.4 -0.2 0.3 -0 %
(n m1) 1-0.1) (9.1) {-0.2) (-0.1) (0.2) (-G.3)
Cross Ramge Velocity, m/s -1.2 3.8 -5.0 2.6 8.7 -6.1
(fFtix) {-1.9) (z.s} {(-16.4) (8.5) (28.%) (-20.0)
S-11 CECO (ENGINE SOLENOID) S-11 OECO (EmGINE SOLEMQID)
Range Tiwve, sec 460.7% 461.49 -0.7¢ 5%2.3¢ 550.98 V.36
Altitude, km 186 1 185.4 0.7 190.4 19010 0.3
(n mi) (100.5) {100.1) {0.8) (10z2.8) (102.6) (0.2)
Surface Range, ke 1,109.7 1,n2.e 7.7 1.638.5 1,837.3 1.2
(r mt) (999.2) (603.3) (-4.7) {(8684.7) (084.%) (0.6)
Space-Fixec V:loc'ty. n/s 5,722.7 5,768.8 -46.1 6,959.1 6,976.4 -17.)
(¢-/s) {(V8,775.3) 1(18,926.5) (-181.2) (22,831.7) (22.888.5) (-5¢.8}
Fliqht Patk Angle, deq 0.502 G.542 -0.040 0.442 0.461 -0.019
Heading Angle, deg 79.632 79.621 o.M 82.501 82.460 0.040
Cross Range, kn 1.6 4.2 -0.6 26.9 21.0 -0.)
(n mi) (1.3) (r.7) (-0.4) {14.5) (14.6} (-0.1)
Cross Pange Velocity, /s V16,9 na.s 3.4 178.8 175.3 3.5
(ft/s) (380.2) (369.1) (1) (586.6) (575.1) (n.s:
S-1¥8 1ST GUIDANCE CUVOFF SIGNAL S-1V8 28D GUIDANCE CUTOFF SI1GNAL
Renge Time, sec 693.9 €89.9%6 4.0% 10,383.9¢ 10,385.0t -1.07
Altitude, ke 190.9 1914 -0.% 352.8 354.4 -1.6
(n mi) (103.1) (103.3) (-0.2) (190.5) (191.4) (-0.9)
Surface Range, &a 2.592.6 2,574.5 et
(n o) (1,399.9) | (1,390.1) (9.8)
Space-Fined Velocity, /s 1.7%90.8 7.1, -0.6 10,795.8 10,7979 H
t/s) (25,560.4) (25, 552 3) (-t. 9) (35,419.3) (5%,826.2) (-6.9)
Flight Path Angle, deq -0.018 -0.001 -0.014 8.13?7 8.156 -0.019
Heading Argle, deq 88.14¢ 88.022 0.122 €3._6¢4 63.64% ).019
Cross Range, &wm 58.6 §7.5 LI |
(n @t} (31.6) (31.0) (8.6}
Cross Range Velocity, m/s 2121 268.8 3.3
(fr/s) (892.7) (881.9) (10.8)
Eccentricity 3.96829 0.96949 -0.00120
Cy*. -1,917,435 -1,844,202 -73,233
('t,/s?) -20,639,099) (-19.850,825) f (-788,274)
Inclination, deg 30.360 30.340 0.020
Desceading Node, deg 120 34¢ 120.376 -0.032

woTe :

Timps wsed are wehicle tiwes.

. C, ts twice the snecifi energv of orbdit

2 2,
G = v -

where

¥ o [mertia) Velocity

v ¢ Grevitatinnal fanctaet
® + Radius vector from center 0! earthn
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Table 4-3. Comparison of Separation Events

PARANE TER ACTUAL £OMINAL ACT-NO®

S-1€/S-11 StPARATICN

Ranqe Time, sec 162.4 163.2 -0.8

Altitude, &m 8.7 68.4 0.3

(n mi) (17.1) (36.v) - (0.2)

Surface Range, km 5.2 95.7 -0.%

{n m:) (s.4) (st.7) (-0.3)

Space-Fixed Velocity, m/s 2,189.7 2,170.7 -1t.0

(frre) (o.n54 1) (9,090.7 (-36.1;

Fliqht Path Angle, deq 2n.430 20.213 0.2M7

Heading Angle, deq 7s.228 15.3%1 -0.123

Cross Range, ke -0.2 0.3 -0.5

(n mi) (-0.1) ©(0.2) (-0.2)

Cross Range Velocity, m/« 2.7 8.9 -6.2

(ft/3) (8.9) (29.2) (-20.3)

Geodetic Latitvde, ceq N 28.871 28.86% 0.0062

Lonqitude, deq [ -79.677 -79.676 -0.007
S-T1/5-1v8 SEPARATION

Range Time, sec 553.2 $51.9 1.3

Altitude, iwm 190.4 190.1 . 0.3

(n mi) {(102.R) (102.6} : {0.2)

Surface Range, kn 1,644 0 1,643.0 1.0

(n mi) (en7.7) (882.1) (0.6)

Space-Fined Velocitv, m/s 6,961.9 6,979.1 -17.2

(ft/s) (22.880.9) (22,897.)) (-56.4)

Flight Path Angle, Jeg 0.432 0.451 -0.019

Heading Angle, deq 82.%1) 82.49¢ 0.038

Cross Range, &e 27.0 27.1% -0.1

(n mi) (14.6) (1<.6) (0.0)

Cross Range Velocity, wm/s 179.3 175.8 3.5

(ft/s) (588.3) (£76.8) (11.5)

Geodetic Latitude, deq N 31.92% 3.9 0.002

Longitude, deg € -63.9348 -63.943 0.0C9
S-1¥8/CS% SEPARATION

Range Time, sec 11,884.9 11,88%.2 -0.3

Altitude, &m 7,073.3 71,0751 -1.8

(n mi) (3,819.3) (3,R20.2) (-0.9)

Space-Figed Velocity, m/s 7,579.0 7.%80.9 -1.9

(fr/<) (24.865.5) (24,871 1) (-6.2)

F1igN® Path Angle. deq 45.092 45.102 -0.010

Headtinqg Anqgle, deq 100.194 o0 ni7y 0.117

Geodetic Lat:rtude, deq & ?R.81% 2HRAN -0.015

Lonqitude, deqg f -19.537 -7 743 0.208

NOTE: Times wsed are vehicle tiaes. P




Table 4-4,

Stage Impact Location

PARAMETER ACTUAL NOMINAL ACT-NOM

S-1C STAGE IMPACT
Range Time, sec 554.5 554.1 . G.4
Surface Range, km 676.4 674.2 1.2
(n mi) (365.2) {364.6) (0.6)
Cross Range, km 6.0 8.1 -2.1
(n mi) (3.2) {(¢.8) (-1.2)
Geodetic Latitude, deq N 30.273 30.253 0.020
Longitude, deg E -73.89% -73.903 0.008

>

S-11 STAGE IMPACT
Range Time, sec 1,221.6 1,224.7 -3
Surface Range, km 4,4%2.9 4,479.6 -26.7
{(n mi) (2,404 4) (2,418.8) (-14.2)
Cross Range, km 145.9 145.7 .0.2
{(n mi) {75.8) (78.7) (0.1)
Geodetic Latitude, deq N 31.465 31.438 0.027
Longitude, deq © -34.214 -33.937 -0.217

The actual longitudinal velocity change during the slingshot maneuver was
very close to nominal; however, the LVDC state vector used to target the
S-IVB/IU in real time did not reflect an existing underspeed condition at
TLI. This underspeed condition coupled with the slingshot maneuver caused
the S-IVB/IU lunar radius of closest approach, 7445 kilometers (4020 n mi)
to be greater than the maximum allowable radius for escape from the earth-
moon system, namely, 5100 kilometers (2754 n mi) for AS-507 mission.

Table 4-9 presents the contributing factcrs which initiated the real time
calculation of the additional APS burn. These factors were available in
real time at Marshall Space Flight Center (MSFC). The resulting 11.2 m/s
(36.75 ft/s) velocity change corresponds to an additional 270-second APS
burn. Table 4-10 presents the corresponding contributors of the velocity
change used to calculate the additional APS burn based on a post TLI track-
ing vector. This vector was not available in real time. The resulting
velocity change of -1.8 m/s (-5.91 ft/s) represents approximately 45
seconds of APS burn duration. Therefore, the programed 300-second APS
burn couid have been shortened to 255 seconds to target to the center of
the slingshot window. MSC was aware of the d’sagreement between the LVDC
and tracking state vectors at TLI but did not relay the information to
MSFC for real time processing. MSC was not aware that the existing IU
vector error would significantly affect the slingshot targeting.
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LATITUDE,

Table 4-5.

Parking urbit

Insertion Conditions

PARAMETER ACTHAL NOMINAIL ACT-NOW

Range Time, <ec 701.9) 699.86 4.05
AMtitude, ¥m 1909 19 .4 -G.5
(n mi) (tni1.1) (103.3) (-0.2)
Space-Tixed Velncity, m/< 7,792.5 7,793.0 -0.5
(ft/<)[(25.565.9) {25,567.6) (-1.7)

Fliaht Math Anale, deq -0.014 0.000 -0.014
Headirq Angle, deq AR .5RN RR 456 n.124
Inclination, deq 32.540 17.525% -0.005
Pescending Nade, deq 123.126 123.1436 -0.020
Eccontricity n.n0032 n.00000 _N.00032
Apraee® | km 185.4 18¢.°2 0.2
{n mi) (1on.1) {100.0) (0.1)
Periqee*, bm 181.2 185.2 4.0
{n mi) (97.R%) (100. 0} {-2.2)

Perind, min RR.16 88,29 -0.08
fradeiic Latitude, deq N 32.F82 32.681 0.001
tonqitude, deq E -53.131 -531.323 0.192

* Rased an a spherical earth of radius 6,378.165 km

{3.947.934 n mi).
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Table 4-6.

Translunar Injection Conditions

PARAMETER ACTUAL NOMINA: AC1-NOM
Range Time, sec 10,393.94 10,395.01 -1.07
Altitude, km 368.6 370.2 1.6
) (n mi) (199.0) (199.9) (-0.9)
Space-Fixed Velocitv, m/s 10,786.8 10,786.4 1.6
(ft/s) (35,389.8) {35,395.0) (-5.2)
Flight Path Angle, dea 8.584 8.603 -0.019
Heading Angle, deq 63.902 63.880 0.022
Inclination, deg 30.355 30.336 0.019
Descendinq_ﬂsde. deg 120.338 120.371 -0.033
Eccentricity | 0.96966 0.97066 -0.00100
C3. m2/s? : -1,834,425 -1,773,597 -60,828
(ft2/s2) (-19,745,586) [(-19,090,839) (-654,747)
NOTE: Times used are vehicle times,

Table 4-7. Comparison of Slingshot Maneuver Velocity Increment

PARAMETER . ACTUAL NONINAL ACT-NCHM -

Longitudinal Velocily

Increase, m/s 38.2 38.1 0.1

(ft/s) (125.3) (125.0) (0.3)

APS Evasive Maneuver, m/s 2.9 3.0 -0.1

(ft/s) (9.5) {(9.8) (-0.3)

Continuous Vent System*, m/s 2.8 1.5 1.3

(ft/s) (9.2) (4.9) (4.3)

LOX Dump,'m/s 10.0 9.7 0.3

(ft/s) (32.8) (31.8) (1.0)

Programmed APS Burn, m/s 11.8 12.7 -0.9

(300 ceconds) (ft/s) (38.7) (41.7) (-3.0)

Ground Commanded APS Burn,m/s 10.7 11.2 -0.5

(270 ceconds) (ft/s) ] (35.1) (36.7) (-1.6)

* lLatched open at T8 + 580 seconds.

4-12




© FLIGHT PATH ANGLE, deg

164 11200 TCTOAC - — : I : i
—===40MINAL v B i L
¥ S-1VB ENGINE IGNITION — T ; —

i {STDV OPEN) s : o {0 :

14 108004—— W TRANSLUNAR INJECTION —-— gt ’L ,_{A

! ‘ ' i ! : | |
d < . l ! . i 1 H !
HEE R M ;
: . . . ! ; | | . \
124 104004 —— by — —+ + S e
. i : ) . . R ‘ i ! ! .
; . —— L i 4 [ ——
‘ T ISPACE-FIXEDL i ;

| VELOCITY e s

o
i

ioooo-w——*——bw—;*uﬁu4 .

96001

9200 4--

-
|
SPACE-FIXiD VELOCITY, in/.

4 8800
21 8400
01 - 800C
<2 7600 1 ——t . T t T T ¥

0 100 200 300 400 500 600 = 700 600 90¢ 1300

TIME FROM Ts. SECONDS :
[ T 1 A lw _ i - -
02:38:00 032:41:00 02:44:00 02:47:00 02:50:00 02:53:06

" RANGE TINE, HOURS :MINUTES : SECONDS

Figure 4-6. Injection Phase Space-Fixed Velocity and
Flight Path Angle Comparisons

4-13



ACCELERATION, g

.6 =

.4

2

ACCELERATION, m/s2

16 e , - — .
: | 1 ; : : i ‘ i
—— L__ Bl : -— 1 I — ; . ‘
) T \ i : :
. ! . ; ‘
tad— b e + YD S G
. TS N R 1
" ——— ACTUAL ¥ + —t ;
: - NOMINAL ; i | ; !
24— ' JI— ! ] i
W s-1vB ENGINE IGNITION MR i i
W EMR SHIFT : S
[~ -~ W TRANSLUNAR T T
INJECTION L L ; !
‘\)J — e B ; H 4 I — — T -t 4T %
Y48
| . _ RS I
) ! i
. . A~ i ! |
8 -~ ; ’ 1 | T |
AT oM eos o e se s s o e —— ~T—~—~’~<—°-“‘~‘«--‘-‘~— ——’-*’*—'-—T-‘F—:*—*
61— - = : +—
L —-—— | — ——9—4 - — ~7 - e —~—#~——<L
e SEN SUSSUNS S S S
1 ‘ ?1
. e - — —— _WAL;»_A_—,-A.,_‘fy_ - __AA;,,,"___
. i t :
24— R T T e e —T— - -+t —
. | ; ; { : |
— —_— ’ 4 <+ . 1 ’L ——3
' H ' H
. l . i | !
0 T T 13 1 4 T - " o | p—
0 100 200 10 400 500 600 700 800 900 1000
TINE FROM T, SECONDS
L 2 1 M 4 Y _ . . 4
02:38:00 02:41:00 02:44:00 02:47:00 02:50:00 02:53:00

RANGE TIME, HOURS:¥INUTES:SECONDS

. Figure 4-7. Injection Phase Acceleration Comparison



Table 4-8.

Comparison of Lunar Clusest Approach Parameters

PARAMETER

ACTUAL

NOMINAL

ACT-NOM

Selenocentric Nistance, km
{(n mi)

Altitude Above Lu.ar

Surface, kn
(n mi)

Range Time, hr .

Velocity Increase Relative
te Earth from Lunar
Encounter, m/s

(n mi/s)

7,84¢
(8,020)

5,767
(3,082)

85.8

548 -
(0.296)

3,400
(1,836)

1,662
(897)
84.1

850
(0.459)

4,045
(2,184

-302
(-0.163)
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Slingshot Maneuver Longitudinal Velocity Change
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Table 4-9., Velocity Change Due to APS Burn Based on

TLI IU Vector Available in Real Time

APS VELOCITY CHANGE

CONTRIBUTING FACTORS M/S (FT/S)
IU Vector at TLI (indicated 1.0 (3.28)
a slight overspeed)
Post TLI CVS (known preflight) 1.4 (4.59)
Tg Initiate (slight delay from 0.3 (0.98)
preflight estimation (115 seconds)
LOX Ullage Pressure (lower than 2.5 (8.20)
preflight nominal approximately
4.5 psia)
Updated Tg CVS Prediction 5.5 (18.04)
(known preflight)
Delay in Cormanded APS Burn 0.5 (1.64)
(approximately 600 seconds)

TOTAL 11.2 (36.75)

Table 4-10. Velocity Change Due to APS Burn Based on
Post TLI Tracking Vector Not Available in Real Time

CONTRIBUTING FACTORS

APS VELOCITY CHANGE

M/S (FT/S)

Tracking Vector Immediately -12.0 (-39.37)
After TLI (indicated
cignificant underspeed)
Post TLI CVS (known preflight) 1.4 (4.59)
Tg Initiate (slight delay from 0. (0.98)
preflight estimation (115 seconds)
LOX Ullage Pressure (lower than 2.5 (8.20)
preflight nominal apprcximately
4.5 psia)
Updated Tg CVS Prediction 5.5 (18.04)
(known preflight)
Delay in Commanded APS Bum 0.5 (1.64)
(approximately 600 seconds)

TOTAL -1.8 (-5.91)
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SECTION 5
S-1C PROPULSION

5.1 SUMMARY

A1l S-IC propulsion systems performed satisfactorily and the propulsion
performance level was very close to the predicted level. Stage site
thrust (averaged from liftoff to Outboard Engine Cutoff [OECOi) was 0.55
percent higher than predicted. Totai propellant consumption rate was
0.26 percent higher than predicted with the total consumed Mixture Ratio
(MR) 0.34 percent higher than predicted. Specific impulse was 0.20 pei-
cent higher than predicted. Total propellant consumption from Holddown
Arm (HDA) release to OECO was low by 0.05 percent. The plarned 1-2-2
start sequence was not attained, but caused no problems.

Center Engine Cutoff (CECO) was initiated by the Instrument Unit (IU) at
135.24 seconds as planned. Outboard engine cutoff, initiated by LOX low
level sensors, occurred at 161.74 seconds which was 0.74 second earlier
than predicted. This is a small difference compared to the predicted
3-sigma limits of +5.28, -3.67 seconds. The LOX residual at OECO was
42,093 1bm compared to the predicted 39,449 1bm. The fuel residual at
0ECO was 36,309 1bm compared to the predicted 31,965 1bm.

5.2 S-IC IGNITIGN TRANSIENT FrRFORMANCE

The fuel pump inlet preignition pressure was 45.2 psia and within F-1
Engine Model Specification limits of 43.5 to 110 psia.

The LOX pump inlet preignition pressure and temperature were 81.9 psia
ard -287.7°F and were within the F-1 Engine Model Specification limits as
shown in Figure 5-1.

The planned 1-2-2 start was not attained as seen in Figure 5-2. Engine
position starting order was 5, 1-3, 2 and 4. Two engines are considered
to start together if their combustion chamber pressures reach 100 psig in
a 10C-millisecond time period. Engine No. 4 reached 100 psig chamber
pressure 0.207 second slower than predicted and 0.202 second later than
engine No. 2, resulting in a 1-2-1-1 start. Structurally, a 1-2-2 start
is desired for minimizing the start and (iftoff dynamics caused by thrust
buildup of the engines. The dynamic effects of other start sequences on
the Saturn V structur:z are not fully known at this time. The 1-2-1-1
start caused no problems, although it shouid be noted that AS-507 liftotf
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Figure 5-1. S-IC LOX Start Box Requirements

dynamics were somewhat higher than those on previous flights but were well
within design limits (see paragraphs 9.2.1 and §.2.2). 3y definition, a
1-2-2 start occurs where the desired engine thrust buildup sequence is as
follows: The center 2ngine is to achieve 90,000 1bf thrust (100 psig
chamber pressure) a -2.960 seconds, the first pair of outboard engines
at -2.660 seconds, and the second pair of outboard engines at -2.360
seconds. Fach F-1 engine has distinctive starting characieristics re-
quiring individually programed start signals in order to rinimize the
dispersions in achieving tne 90,000 1bf thrust level at the desired time.
Determination of start signal presettings is one objective of static
firing the S-IC stage. With start signal presettings established by
stage static firing of a particular stage there is a large probability
that a 1-2-2 start will be achieved during ignition of this stage at
launch. This large probability ‘11 not exist when static firing of the
S-1C stages is terminated on the “€oilow-on" stages (S-IC-16 and subse-
quent stages).

The best estimate of propellants consumed between ignition and HDA release
was 84,635 1bm. The predicted consumption was 85,364 ‘bm. Propeilant
loads at HDA release were 3,241,657 1bm for LOX and 1,408,194 1bm for
fuel.
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Figure 5-2. S-IC Engine Buildup Transients
5.3 S-1C MAINSTAGE PERFORMANCE

S-1C stage propulsion performance was very close to the predicted level
as can be seen in Figure 5-3. The stage site thrust {averaged from range
time zero to OECO) was 0.55 percent higher than predicted.

Total propellant consumption rate was 0.26 percent higher tnan predicted
and the total consumed propellant MR was (.34 percent highar than pre-
dicted. The specific impulse was 0.20 percent higher than predicted.
Total propellant consumption from HDA release to OECO was iow by 0.05

percent.

For comparing F-1 engine flight performance with predicted performance,

the flight performance has been analytically reduced to standard conditions
and compared to the predicted performance which is based on ground firings
and also reduced to standard conditions. These values are shown in

Table 5-1 at the 35 to 38-second time slice. Individual engine deviations
from predicted thrust ranged from 0.C66 percent lower (engine No. 4) to
0.668 percent higher (engine No. 3). Individual engine deviations from
specific impulse ranged from 0.038 percent lower (engine No. 4) to 0.113

percent higher (engine No. 3).
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Table 5-1. S-IC Individual Engine Performance

RECONSTRUCTION | DEVIATION AVERAGE |
PARAME TER ENGINE | PREDICTED ANALYSIS PERCENT pEvIATION]
PERCENT
Thrust, 1 1500 1508 0.533
103 1bf 2 1525 1525 0
3 1498 1508 0.668 0.332
4 1523 1522 -0.066
5 1523 1531 0.525
Specific Impulse, 1 265.1 265.3 0.075
1bf-s/1bm 2 264 .4 264.4 0
3 264.6 264.9 0.113 0.045
4 265.8 265.7 -0.038
5 264.0 264.2 0.076
Total Flowrate 1 5658 5685 0.477
bm/s 2 5768 5765 -0.052
3 5660 5694 0.601 0.292
4 5729 5725 -0.07
5 5768 5797 0.503
Mixture Ratio 1 2.2N 2.270 -0.044
LOX/Fuel 2 2.278 2.275 -0.132 -0.079
3 2.268 2.266 -0.088
4 2.278 2.27% -0.132
5 2.264 2.264 0
NOTE: Performance levels were reduced to standard sea level and pump inlet
conditions. Data was taken from the 35 to 38-second time slice.

5.4 S-IC ENGINE SHUTDOWN TRANSIENT PERFORMANCE

Center engine cutoff was initiated by a signal from the IU at 135.24
seconds as planned. Outboara engine cutoff, initiated by LOX low level
sensors, occurred at 161.74 secoinds which was 0.74 second earlier than
predicted which is a small difference compared to the predicted 3-sigma
limits of +5.28, -3.67 seconds.

Thrust decay of the F-1 engines was nominal.

Engine cutoff impulse was approximately 2.8 parcent higher than predicted
for the outboard engines and approximately 6.7 percent lower than pre-
dicted for the center engine.

5.5 S-IC STAGE PROPELLANT MANAGEMENT

The S-IC does not have an active Propellant Utilization (PU) system.
Minimum residuals are obtained by attempting to load the MR expected to be
consumed by the engines plus the predicted unusable residuals. An analysic
of the usable residuals experienced during a flight is a good measure of
the performance of the passive PU system.
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Outboard engine cutoff was initiated by tre LOX low level sensors as
planned, and resulted in residual propellants teing very close to the
predicted values. The residual LOX at OECO was 42,093 1bm compared to
the predicted value or 39,449 1bm. The fuel residual at CECO was

36,309 1bm compared to the predicted value of 31,965 lbm. A summary of
the propellants remaining at major event times is presented in Table 5-2.

5.6 S-IC PRESSURIZATION SYSTEMS
5.6.1 S-IC Fuel Pressurization System

The fuel tank pressurization system performed satisfactorily keeping
ullage pressure within the acceptable limits during flight. Helium
Flow Control Valves (HFCV's) No. 1 through 4 opened as planned and HFCV
No. 5 was not required.

The low flow prepressurization system was commanded on at -397 seconds.
High flow pressurization, accomplished by the onboard pressurization
system, performed as expected. Helium flow control valve No. 1 was
commanuad on at -2.7 seconds and was supplemented by the high flow
prepressurization system until umbilical disconnect.

Fuel tank ullage pressure was within the predicted limits throughout
flight as shown in Figure 5-4. Helium flow control valves No. 2, 3, and
4 were commanded open during flight by the switch selector within accept-
able limits. Helium bottle pressure was 3050 psia at -2.8 seconds and
decayed to 490 psia at OECO. Total helium flowrate and heat exchanger
performance were as expected.

Fuel pump inlet pressure was maintained above the required minimum Net
Positive Suction Pressure (NPSP) during flight.

5.6.2 S-IC LOX Pressurization System

The LOX pressurization system performed satisfactorily and all performance
requirenents were met. The ground prepressurization system maintained
ullage pressure within acceptable limits until launch commit. The
onboard pressurization system subsequently maintained ullage pressure
within the GOX Flow Control Valve (GFCV) band during flight.

The prepressurization system was initiated at -72 seconds. Ullage pressure
increased to the pressurization switck band and flow was terminated at

-57 seconds. The low-flow system was cycled on two additional times at
-40 and -16 seconds. At -4.7 seconds the high-flow system was commanded
on and maintained ullage pressure within acceptable limits until launch
commit,
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Table 5-2.

S-1C Stage Propellant Mass History

LEVEL SENSOR \
EVENT PREDICTED,LBM DATA, LBM RECONSTRUCTED, LBM
LOX FUEL LOX FUEL LOX FUEL
Ignition | 3,308,605 |1,428,857 - 1,824,287 [3,310.199 1.424,287
Command
Holddown 3,241,829 11,410,269 3,235,033 [1,403,862 |[3,241,657 1,408,194
Arm Release
CECO 486,229 223,423 478,735 222 M85 477,935 222,141
neEc) 39,449 31,965 41,683 36,048 42,093 36,309
separation 34,908 29,585 - - 37,552 33,929
lers Thrust | 33,123 29,226 - - 36,242 33,142
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NOTE: Predicted and reconstructed values do not include pressurization gas so they will
cempare with level sensor data.
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The LOX tank ullage pressure during flight, shown in Figure £-5, was
maintained within the required limits throughout flight by the GFCV.
The maximum GOX flowrate to the tank (at CECO) was 54.7 1bm/s. The
heat exchangers performed as expected.

The LOX pump inlet pressure met the minimum NPSP requirement throughout
flight. The engine No. 5 LOX suction duct pressure decayed after CECO
similar to previous flights. Analysis has indicated that this pressure
drop can be attributed to leakage through the F-1 engine LOX pump primary
seal and is a nomal occurrence. Therefore, the pressure dvop will be
expected as a normal occurrence on future flights.

5.7 S-IC PNEUMATIC CONTROL PRESSURE SYSTEM

The control pressure system functioned satisfactorily throughout the
S-1C flight.

Sphere pressure was 3017 psia at liftoff and remained steady until CECO
when it decreased to 2900 psia. The decrease was due to actuation of
the center engine prevalves. There was a further decrease to 2544 psia
after OECO. The engine prevalves were closed after engine cuteff as
requi red.

5.8 S-IC PURGE SYSTEMS
Performance of the S-IC purge systems was satisfactory during the flight.
The turbopump LOX seal purge storage sphere pressure was within the limits

of 2760 to 3300 psia until ignition and 3300 to 1000 psia from liftoff to
cutoff,
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5.9 S-IC POGO SUPPRESSION SYSTEM
The PUGO suppression system performed satisfacterily during S-IC flight.

Outboard LOX prevalve temperature measurements indicated that the
prevalve cavities were filled with helium prior to liftoff as planned.
The measurements in the outboard prevalves went cold momentarily at
liftoff indicating LOX sloshed on the probes. They remained warm
throughout flight, indicating helium in the prevalves. At cutoff, the
increased pressure forced LOX into the prevalves once more. The two
measurements in the center engine prevalve indicated cold, which meant
LOX was in this valve, as planned.
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SECTION 6
S-I1 PROCPULSION

6.1 SUMMARY

Tne S-I1 propulsion system perfcrmed satisfactorily throughout the
flight. The S-II Engine Start (ommand (£SC), as sensed at the engines,
occur.ed at 163.17 seconds. “enter Engine Cutoff {CECO) occurred as
planned at 460.75 seconds und butboarc tngine Cutoff (JECO) occurred

at 552.34 seconds giving an outboard engine operation time of 389.17
seconds or 2.1 seconds longer than predicted. T7Total stage thrust, as
determined by computer analysis of telemetered propulsion measurements
at 61 seconds after S-II ESC, was 0.05 percent below predicted. Total
propellant flowrate (including pressurizatior flow) was equal td the
predicted, and stage specific impulse was 0.05 percent below predicted
at this time slice. Stage propellant Mixture Ratio (MR) was 0.36 ne:rcent
above predicted. Engine thrust buildup and cutoff transients were
satisfactory.

Lew frequency, cw amplitude oscillations were observed on all engines
during S-II1 boost prior to CECO. Net engine perfornance levels were
not affected.

The propel!lant management system performance was satisfactory. The
system usec open-100p control of the engine Propellant Utilization (PU)
valves similar to the AS-506 flight. The Instrument Unit (IU) command
to snift Engine Mixture Ratio (EMR) from high to low was initiated upon
attainment of a preprogramed stage characteristic velocity as sensed by
the Laurich Vehicle Digital Computer {(1VDC). The IU EMR shift command
occurred 2.7 seconds later than predicted and was due mainly te over-
1vading of the S-I1 and the upper stages.

S-1T OECO, initiated by the LOX low level cutoff sensors, was achieved
following a planned 1.5-second time delay. A small engine performance
decay was noted just prior to cutoff similar to AS-506. Residual oro-
pellant remaining in the tanks at OECO signal was 6138 lbm compared to
the prediction of 5787 1lbm.
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The performince of the LOX and LHy tank pressurization systems was satis-
factory. Uilage pressure in both tanks was more than adequate to meet
engine inlet propellant requirements throughout mainstage. As commanded
by the 1U, step pressurization occurred at 261.7 seconds for the LOX

tank and 461.7 seconds for the LHp tank.

The engine servicing, recirculation, helium injection and valve actuation
systems ail performed satisfactorily. During the launch countdown check-
out, the valve actuation system receiver pressure decay rate exceeded the
maximum allowable limit. This excessive pressure decay was attributed to
thermal effects. The receiver prezsure decay during flight was negligible.

6.2 S-I11 CHILLDOWN AND BUILDUP TRANSIENT PERFORMANCE

The prelaunch sevvicing operations required to condition the engires
weve satisfactorily accomplished. Thrust chamber chill requireme:ts are
-200°F maximum at prelaunch commit (-19 seconds) and -150°F maximum at
engine start. Thrust chamber temperatures were within predicted limits,
ranging between -294 and -263°F at prelaunch commnit and between -235 ard
-203°F at engine start. Thrust chamber temperature warmup rates during
S-1C boost agreed closely with those experienced on previous flights.

Beginning with AS-507, the Ground Support Equipment /GSE) engine start
tark pressurization regulator setting was increased from 1175 t15 psia
to 1225 +25 psia, ind the minimum pressure line of the prelaunch redline
box was lowered approximately 10 psi. These changes were made to reduce
the possibility of low start tank pressures which were experienced on
AS-506. System performance was entirely s.t .factory. Both temperature
and pressure conditions of the start tank. were within the required
prelaunch and engine start boxes as shown in Figure 6-1.

Start tank temperature and prassure increases during S-IC boost were
nominal and close to £S-506 results except for engine No. 5. Engire No. 5
start tank pressure remained constant during the final 100 seconds of boost
although the temperature warmed up approximately 2°F. Other engine start
tank pressures increased 10 to 25 psia. It is concluded that engine No. 5
start tank pressure rel :f valve was relieving during this period, however,
tank pressure at S-I1I ESC was nominal at 1310 psia.

A1l engine lielium tank pressures were within the prelaunch and engine
start limits of 2800 to 3450 psia. The helium tank pressures ranged
between 316C and 323C psia at prelaunch (-19 seconds) and between 5250
and 3350 psia at S-I1 ESC.

The LOX and LHp recirculation systems used to chill tne feed ducts,
turbopumps, and other engine components performed satisfactoriiy during
prelaunch and S-IC boost. Engine pump inlet temperatures and pressures
at engine start were well within the requirements as shown in Figure 6-2.
The LOX pump discharge temperatures at S-1I ESC were 12.9 to 16.4°F
subcooled, which 1s well below the 3°F subcooling requirement.
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Figure 6-1. S-II Engine Start Tank Performance

Prepressurization of the propellant tanks was satisfactorily accomplished.
Uilage pressures at S-I1I ESC.were 40.2 psia for LOX and 28.5 psia for LH3.

S-I1 ESC was received at 163.17 seconds and the Start Tank Discharge Valve
(STDV) solenoid activation signa? occurred 1.0 second later. The engine
thrust buildup was satisfactory and within the required thrust buildup
envelope. Two engines (No. 1 and 3) exhibited a slightly more rapid
thrust buildup than the other engines, and also a small overshoot of the
100 percent tirust level at null EMR. This condition was caused by a
slightly different opening action of the Main Oxidizer Valves (MOV) on
these engines. The ramp rates were slower during the initial portion of
the vaive second stage positioning phase, however tiie overall valve
opening times were not abnormal. Similar engine MOV operating character-
istics have been infrequently observed on previous flight and stage
acceptance testing. The stage thrust reached mainstage level at 166.4
seconds . '

6.3 S-II MAINSTAGE PcRFORMANCE

The propulsion reconstruction analysis showed that stage performance
during mainsiage operation was satisfactory. A comparison of predicted
and reconstructed performance of thrust, specific impulse, total flowrate,
and mixture rativ veirsus time is shown in Figure 6-3. Stage performance
during the high EMR portion of the flight was very close to predicted.
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At a time slice of ESC +61 seconds, total stage thrust was 1,161,534 1bf
which is only 557 1bf or 0.05 percent below the preflight prediction.
Total propellant flowrate (including pressurization flow) was 2743 1bm/s
which was identical to the prediction. Stage specific impulse, including
the effect of pressurant gas flowrate, was 423.£ 1bf-s/1bm which is

0.05 percent below the predicted level. Stage propellant MR was 0.36 per-
cent above prediction.

At ESC +297.58 seconds (460.75 seconds), the centor engine was shut down

as planned. This action reduced total stage thrust by 231,089 1bf to a
level of 925,145 1bf. The shift from high to low EMR operation occurred
approximately 327 seconds after ESC. The change of EMR resulted in

further thrust reductica, and at ESC +340 seconds the total stage thrust
was 692,787 1bf; thus a decrease in thrust of 232,358 1bf is indicated
between high and low EMR operation. The deviation of actual from predicted
performance remained small at the lower EMR levels. S-II operation time
from ESC to OECO was 389.17 seconds. The burn duration was 2.1 seconds
longer than predicted.

Individual J-2 engine data, excluding the effects of pressurization flow-
rate, are presented in Table 6-1 for the ESC +61-second time point. Very
good correlation between prediction and flight is indicatcd by the small
deviations. Flight data reconstruction procedures were directed toward
matching the engine and stage acceptance specific impulse values while
maintaining the engine flow and pump speed data as a baseline.

Data presented in Table 6-1 ave actual flight data and have not been
adjusted to standard J-2 engine conditions. Considering data that have
been adjusted to standard conditions through use of a computer [ ~ogram,
very little difference from the results shown in Table 6-1 is observed.
In comparison to the vehicle acceptance test performance, the adjusted
data showed engine No. 1 to be 1.1 percent 1ow and engine No. 2 to be
0.73 percent high in thrust, which agrees closely with performance levels
achieved during engine acceostance testing.

A usual complement of minor engine performance shifts were observed during
analysis of stage flight data. Available flight instrumentation does not
permit a detailed investigation of the cause for each performance shift,
however, the more familar ones can be recognized by their characteristic
effects on basic flight parameters. A summary of identified engine per-
formance shifts on AS-507 flight is given in Table 6-2. None of these
shifts are presently considered to be unusual in either magnitude or
cause. Low frequency oscillations in the 14 to 20 hertz region existed in
propulsion parameters during four periods of tne S-II burn. This is evi-
dent in all engine chamber pressures as seen in Figure 6-4. A detailed
discussion of these oscillations is given in paragraph 9.2.3.
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Table 6-1. S-II Engine Performance Deviations (ESC +61 Seconds)
PERCENT PERCENT
INDIVIDUALY AVERAGE
PARAMETER CNGINE PREDICTED | RECONSTRUCTED | DEVIATION | DEVIATION
Thrust, 1bf 1 234,614 231,921 -1.15
2 231,399 233,298 0.82
3 231,642 232,413 0.33 -0.05
4 231,559 231,113 -0.19
5 232,877 232,189 -0.04
Specific \ 424 .9 424.5 -0.09
Impulse, 2 425.8 425.4 -0.09
1bf-s/1bm 3 424.5 424.7 0.05 -0.06
4 424.6 424.1 -0.12
5 426.0 £25.8 -0.05
Engine 1 552.2 546. 3 -1.07
Flowrate, 2 543.4 548.4 0.92
1bm/s 3 545.7 547.2 0.27 0.01
4 545.4 544.9 -0.09
5 546.6 546.7 0.02
Engine ] 5.56 5.59 0.54
Mixture Ratio, 2 5.48 5.53 0.91
LOX/Fuel 3 5.60 5.57 -0.54 0.43
4 5.56 5.59 0.54
5 5.53 5.57 0.72
NOTE: Values exclude pressurization flow.
Table 6-2. S-II Engine Performance Shifts
U v MAGN TUDE TYpE Ot REMARKS
i -1R00 1bf {n-ruen thrust c~ift €SC *12R sec (291 sec) Shift in Gas Generator (GG)
oxidizer system resistance.
-i300 1bf Run-to-run thrust snift Throughout operation Under evaluation (suspected
from engine acceptance GG sy-tem resistance shift).
value.
k| -1R00 1bf {n-run thrust shift ESC +114 sec (277 sec) Shif!'in GG oxidizer system
resistanze.
+1800 1bf In-run thrust shift ESC +337 sec (500 sec) Under evaluation (suspected
PU system resistance shift).
S 1200 b¢ In-run thrust decay and Between £ESC +60 and €SC Under evaluation.
recovery dO? sec {223 and 768
sec
-1700 1bf In-run thrust shift £SC #1948 sec (357 sec) Shif® in GG onidizer system
resistance.
Al Relatively small | In-run l'ow freguency four periods: Refer to paragraph 9.2.3
Engines cyclic changes thrust oscillations for discussion on Tow
130 to 205 sec frequency oscillations.
2t5 to 267 sec
268 to 351 sec
405 to 465 sec
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Figure 6-4. S-II Chamber Pressure Oscillations

6.4 S-11 SHUTDOWN TRANSIENT PERFORMANCE

€-11 CECO at the high EMR occurred on schedule at 460.75 seconds. Engine

2. 5 shutdown transients were satisfactory with the decay to 5 percent
thrust occurring in approximately 0.3 second.

S-11 OECC sequence was initiated by the stage LOX low level sensors. The
LOX depletion cutoff system again included 1.5-second delay timers. As
in the three preceding flights utilizing 1.5-second delay timers (AS-504,
AS-505 and AS-506), this resulted in engine thrust decay (observed as a
drop in chamber pressure) prior to receipt of the cutoff signal. Due to
early CECO however, the pre-cutoff decay was greatly reduced compared
with AS-504 with five engines operating at shutdown. Similar to the last
two flights, with four engines operating at shutdown, only engine No. 1
exhibited a significant thrust chamber pressure decay (decreased 1. psi
in the final 0.33 second before cutoff). A1l other outboard engines
thrust chamber pressure decays were approximately 27 psi.

6-8



At S-11 OECO signal !552.34 seconds), total stage thrust was down to
611,266 1bf. Stage thrust dropped to 5 percent of this level within
0.75 second. The stage cutoff impulse through the 5 percent thrust
level was estimated to be 113,520 1bf-s.

6.5 S-11 STAGE PROPELLANT MANAGEMENT

The propellant management system performed satisfactorily during the
propellant loading operation and during flight. The S-Il stage employed
an open-loop system utilizing fixed, open-loop commands from the IU
rather than feedback signals from the tank mass sensing probes. (Open-
loop operation was also used on AS-503, AS-505, and AS-506. It is also
plarned for use on all subsequent vehicles).

The facility Propellant Tanking Control System (PTCS) and the propellant
management system success fully accomplished S-I1I loading and replenishment.
During the prelaur.ch countdown, all propellant management subsystems
operated properly with no problems noted.

The open-loop PU system responded as expected during flight and no insta-
bilities were noted. Open-loop PU system operation commenced when "High
EMR Select" was commanded at ESC +5.6 seconds, as planned. The PU valves
then moved to the high EMK position, providing an average high EMR of 5.53
for the first phase of Programed Mixture Ratio (PMR). The IU command to
shift EMR frcm high to low was initiated at ESC +324.2 seconds (0.5 seconds
later than for the predicted trajectory) unon attainment of a preprogramed
characteristic velocity as sensed by the .VDC. This deviation is attrib-
uted tc time delays within the LVDC occurring after the target velocity
was achieved and variations between the actual and predicted flight
performance. Tne IU command caused the PU valves to be driven to the

low EMR position, providing an average EMR of 4.40 (versus a predicted
average EMR of 4.33) for the low MR portion of the flight.

The open-loop PU error at OECO was approximately 90 1bm LH2 versus a
3-sigma tolerance c¢f +2500 1bm. Based on PU system data, prope’.lant
residuals (mass in tanks and LOX sump) at OECO were 1800 1bm of LOX and
4338 1bm of 'H,. The LOX residuai, although differing from the official
trajectory pre%iction, is identical to the LOX residual on the previous
two flights and is considered normal for the 1.5-second time delay used

in the LOX depletion engine cutoff system. Using the updated LOX residual
predicted valu2 for AS-507 would have resulted in a zero PU error. Future
flight predictions {(with 1.5-second timers) will reflect the new LOX
residual value of 1800 lbm.

Table 6-3 presents a comparison of propellant masses as measured by the

PU probes and engine flowmeters. The best estimate propellant mass is
based on integration of flowmeter data utilizing the propellant residuals
determined from PU system data corrected for nominal tank mismatch at OECO.
Best estimates of propellant mass 1oaded correlates closely with the



Table 6-3. S-II Propellant Mass History

ENGINE FLOWMETER

EVENT INTEGRATION
RANGE TIME PREDICTED PU SYSTEM ANALYSIS (BEST ESTIMATE)

LOX LHZ LOX LHz LOX LH2

Grouid Ignition, {819.083 | 158,000 819,533* | 157,613% | 823,781 | 157,755

bm

S-I11 ESC, 1bm 819,083 | 158,000 323,149 157,445 823,781 187,755

S-I11 PU Valve 83,072 23,492 88,144 23,470 86,100 24,562

Step (489.57 sec)

1om ﬁ

S-11 QECO, 1bm 1452 4335 1800%* 4338%* 1800 4338

S-I1 Residual 1207 4225 Data not | Data not 1629 4284

After Thrust usable usable

Decay, 1bm

NOTE: Table is based on mass in tanks and sump only. Propellant trapped
external to tanks and LOX sump is not included.

*Based on pressurized ground loading data. Other PU system propellant

quantities are based on flight data.

**Corrected data for a nominal tank mismatch.

postlaunch trajectory simulation. Thase mass values are 4698 lbm or 0.57
percent more than predicted for LOX aad 245 1bm or 0.16 percent less than
predicted for LHp. The longer than predicted S-II bum duration (approx-
imately 2 seconds) is attributed primarily to the LOX overload and to
variations between predicted and actual performance.

6.6 S-iI PRESSURIZATION SYSTEMS
6.6.1 S-II Fuel Pressurization System

LHy tank ullage pressure, actual and predicted, is presented in Figure 6-5
for autosequence, S-IC boost and S-II boost. The LH2 tank vent valves
were closed at -96 seconds and the ullage was pressurized to 35.7 psia in
approximately 27.5 seconds. One makeup cycle was required at -44.6 seconds
as a result of thermal pressure decay. Venting occurred during S-IC boost
as anticipated. One venting cycle was indicated on vent valve No. 1
between 90.5 and 94.2 seconds. There was no indication that vent valve
No. 2 opened. Differential pressure across the vent valve was kept below
the low-mode upper limit of 29.5 psid. Uilage pressure at S-1I engine
start was 28.5 psia meeting the minimum engine start requirement of

27 psia. The LHp, tank valves were switched to the high vent mode
immediately prior to S-1I engine start.
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Figure 6-5. S-II Fuel Tank Ullage Pressure

LH, tank ullage pressure was maintained within the regulator range of

28.5 to 30 psia during burn until the LH, tank pressure regulator was
stepped open at 461.7 seconds. Ullage pressure increased to 31.9 psia.
The LHy vent valves started venting at 479.6 seconds and continued venting
throughout the remainder of the S-II flight. Ullage pressure remained
within the high-mode vent range of 30.5 to 33 psia.

Figure 6-6 shows LH, total inlet pressure, temperature and Net Positive

Suction Pressure (NPSP). The parameters were close to predicted values.
The NPSP supplied exceed~d the minimum required throughout the S-II burn
phase of the flight. '

6.6.2 S-I1 LOX Pressurization System

LOX tank ullage pressure, actual and predicted, is presented in Figure 6-7
for autosequence, S-IC boost and S-II burn. Aftcr a 2-minute cold helium
chilldown flow through the LOX tark, the vent valves were closed at -185.4
seconds and the LOX tank was prepressurized to tha pressure switch setting
of 38.9 psia in approximately 49.7 seconds. One pressure makeup cycle

was required at -98 seconds as a result of pressure decay, which was
followed by the slight pressure increase caused by LHp tank prepressur-
ization. Ullage pressure was 40.2 psia at engine start.
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after the uilage pressure recovered from the initial drop at engine start,
the pressure was controlled within the LOX pressurization regulator range
of 36 to 38.5 psia until step pressurization. LOX step pressurization
(261.7 seconds) caused the usual characteristic surge in u’lage pressure
followed by a slower increase until LOX tank ullage pressu.e reached a
maximum of 40.9 psia at 386.4 seconds when the WNo. 1 vent valve cracked.
Vent valve No. 1 reseat cccurred at 40.7 psia after EMR shift. The LOX
tank vent valve No. 2 did not open.

LOX pump total :nlet pressure, temperature and NPSP are presented in
Figure 6-8. The NPSP supplied exceeded the minimum requirement through-
out the S-II boost phase. The total magnitude of LOX liquid stratifica-
tion was greater than predicted. It is difficult to predict accurate
temperatures at cutoff due to the 1.5-second time delay in the LOX low
level cutoff circuit.

6.7 S-1I PNEUMATIC CONTROL FRESSURE SYSTEM

During the initial launch countdown checkout for AS-507 flight, the
valve actuation system receiver pressure decay exceeded the maximum
allowable limit of 6.4 psi/min with the eleven recirculation valves
closed. Five additional tests were performed to establish the receiver
decay rates. The decay rates ranged from 18 psi/min for the initial
test to 11.4 psi/min for the final test, with the decay rates becoming
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smaller for each progressive test. It has been assessed that leakage
indications during the tests were a result of thermal effects. Since
there was a time inteival (several minutes) between tests, gas tempera-
tures stabilizing within the actuation system lines would cause a decay
in pressure. This conclusion is further substantiated by AS-507 flight
data.

At -30 seconds the receiver pressure in the valve actuation system was
approximately 3050 psia. The minimum acceptable pressure for flignt at
-19 seconds is 2800 psia. At S-II engine start, prior to the actuation
closure of the eleven recirculation valves, the receiver pressure had
decayed to approximately 3040 psia. The receiver pressure dropped 160
psia when the eleven recirculation valves were actuated closed at S-II
engine start; the predicted pressure drop was 150 psia. At CECO the
center engine prevalves were closed which resulted in a 30 psi drop in
receiver pressure; the predicted pressure drop was 50 psi. Prevalve
closure at OECO resulted in a total pressure drop in the receiver of
190 psi; the predicted pressure drop was 200 psi.

An engineering change is presently being processed to revise the Test
Specifications and Criteria Document which will allow a receiver pressure
decay rate of 25 psi/min. In addition, a procedursl change is planned
to permit more time after receiver pressurization before making checks
for pressure decay rates.

Regulatior outlet pressure during flight remained at a constant 715 psia,
except for the momentary pressure drops when the recirculation valves
were actuated closed at engine start, and when the center engine and
four outboard engine prevalves were actuated closed after the engines
were cut of. The recovery period for the regulator outlet pressure

did not exceed 20 seconds for any of the events mentioned above. The
normal regulator band is 690 to 765 psia.

6.8 S-II HELIUM INJECTION SYSTEM

The performance of the helium injection system was satisfactory. Require-

ments were met and parameters were in good agreement with predictions.

The supply bottle was pressurized to 3100 psia prior to 1iftoff and by ESC

‘was 750 psia. Helium injection system average totai flowrate during suppily
bottle blowdown (-30 to 163.03 seconds) was 72 SCFM.
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SECTION 7
S-IVB PRCPULSION

7.1 SUMMARY

The J-2 engine operated satisfactorily throughout the operationail phase

of first and second burn and had normal shutdowns. S-IVB first burntime
was 137.3 seconds which was 2.5 seconds longer than predicted. The engine
performance during first burn, as determined from standard altitude re-
construction analysis, deviated from the predicted Start Tank Discharge
Valve (STDV) open +127-second time slice by 0.40 percent for thrust.
Specific impulse was as predicted. The S-IVB stage first burn Engine
Cutoff (ECO) was initiated by the Launch Vehicle Digital Computer (LVDC)
at 693.91 seconds.

The Continuous Vent System (CVi) adequately regulated LH, tank ullage
pressure at an average level of 19.0 psia during orbit, and the Oxygen/
Hydrogen (02/H2) burner satisfactorily achieved LHz and LOX tank repress-
urization for restart. However, the 02/H2 burner oxidizer valve did not
shutdown at the programed time due to an intermittent electrical "open"
circuit. This failure resulted in burnthrough of the LHp repress coil in
the 02/H2 burncr. Engine restart conditions were within specified limits.
The restart at full open Propellant Utilization (PU) valve position was
successful.

S-1VB second burntime was 341.2 seconds which was 3.8 seconds less than
predicted. The engine performance during second burn, as determined from
the standard altitude reconstruction analysis, deviated from the predicted
STDV +172-second time slice by C.76 percent for thrust and 0.05 percent
for specific impulse. Second burn ECO was initiated by the LVDC at
10,383.89 seconds.

Subsequent to second burn, the stage propellant tanks were safed satis-
factorily, with sufficient impulse being derived from t..e LOX dump to
impart 32.8 ft/s to stage velocity.

7.2 S-IVB CHILLDOWN AND BUILDUP TRANSIENT PERFORMANCE FOR FIRST BURN

The propellant recirculation systems performed satisfactorily, meeting
start and run box requirements for fuel and LOX as shown in Figure 7-1.
The thrust chamber temperature at launch was well below the maximum
allowable redline limit of -130°F. At S-IVB first burn ESC, the tempera-
ture was -136°F, which is within the requirement of -189.6 +110°F.

*
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The chilldown and loading of the engine Gaseous Hydrcgen (GHp) start

tank and preumatic control sphere prior to liftoff was satisfactory.

At first burn Engine Start Command (ESC) the start tank conditions were
within the required region of 1325 t75 psia and -170 t+30°F for start.

The dischaige was completed and the refill initiated at first burn ESC
+3.4 seconds. The refiil was satisfactory and in good agreement with the
acceptance test.

The engine control bottle pressure and temperature at liftoff were 3040
psia and -170°F. LOX and LH2 systems chilldown, which was continuous
from before liftoff until just prior to first ESC, was satisfactory.

At first ESC, the LOX pump inlet temperature was -295.3°F and the LHp
pump inlet temperature was -421.9°F.

The first burn start transient was satisfactory. The thrust buildup was
within the limits set by the engine wanufacturer. This buildup was
similar to the thrust buildups observed on AS-%306 and AS-505. The PU
valve was in the null position prior to first start, but shifted 0.7
degree during start as expected. The total impulse from STDV open to
STDV open +2.5 seconds was 192,373 1bf-s for first start.

First burn fuel lead followed the predicted pattern and resulted in
satisfactory conditions as indicated by the thrust chamber temperatures
and the associated fuel injector temperatures.

7.3 S-1vB MAINSTAGE PERFORMANCE FOR FIRST BURN

The propulsion reconstruction analysis showed that the stage performance
during mainstage operation was satisfactory. A comparison of predicted

and actual performance of thrust, total flowrate, specific impulse, and

Mixture Ratio {MR) versus time is shown in Figure 7-2. Table 7-1 shows

the specific impulse, flowrates and MR deviations from the predicted at

the STDV +127-second time slice.

The performance of the J-2 engine helium control system was satisfactcry
during mainstage opera%ion. The engine control bottle was connected to
the stage ambient repressurization bottles, therefore, there was little
pressure decay. Helium usage was approximately 0.24 1bm during first
burn.

The PU vaive position shifted from null to 0.7 degree during first burn
and shifted 0.6 degree during second burn. These shifts are approximately
the same as those observed on the AS-505 and AS-506 flights and the
S-1vB-508 and S-IVB-509 acceptance tests. This observed 0.6 to (0.8 degree
shift in valve position during null PU operation is expected to occur on
AS-508 and subsequ2nt flights.
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Table 7-1. S-IVB Steady-State Performance - First §urn
(STDV +127-Second Time Slice at Standard Altitude Conditions)

FLIGHT | PERCENT
PARAMETER PREDICTED | KECONSTRUCTION DEVIATiON DEVIATION
FROM PREDICTED
Thrust, ibf 206,125 206,956 831 0.40
Specific Impulse,
1bf-s/1bm 428.91 428.90 -0.01 -0.002
LOX Flowrate,
1bm/s 399.15 400.27 1.12 0.28
Fuel Flowrate, |
1bm/s 81.43 82.26 0.83 1.02
Engine Mixture
Ratio,
LOX/Fuel 4.902 4,866 -0.036 -0.82
|

7.4  S-1VB SHUTDOWN TRANSIENT PERFORMANCE FOR FIRST BURN

S-IVB first ECO was initiatec at 693.91 seconds by a guidance velocity
cutoff command which resulted in a burntime of 137.3 seconds, which was
2.5 seconds longer than predicted.

The ECO transient was satisfactory and agreed closely with the acceptance
test and predictions. The total cutoff impulse to zero percent of rated
thrust was 45,344 1bf-s. Cutoff occurred with the PU valve in the null
position.

7.5 S-IVB PARKING ORBIT CCAST PHASE CONDITIONING

The LHy CVS performed satisfactorily, maintaining the fuel tank ullage
pressure at an averaae level of 19.0 psia. This was slightly below the
previous flight data, but well above the level (17.0 psia) requiring
corrective action by qround command. The lower than expected regulation
level did not have a siqnificant effect on orbital boiloff. The effect
of this regulation level on CVS impulse is discussed ir paragraph 10.2.1.

The continuous vent regulator was activated at 753.1 seconds and was ter-
minated at 9501 seconds. The CVS performance is shown in Figure 7-3.

Calculations based on estimated temperatures indicate that the mass

vented during parking orbit was 2174 1bm and that the boiloff mass was
2407 1bm.
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7.6 S-IVB CHILLDOWN AND RESTART FOR SECOND BURN

The S-IVB LOX recirculation system sat.sfactorily provided properly con-
ditioned oxidizer to the J-2 engine for restart. Fuel recirculation
system performance was adequate and conditions at the pump inlet were
satisfactory at second STDOV. The LOX and fuel pump inlet conditions are
plotted in the start and run uvoxes in Figure 7-4. At second ESC, the LOX
and fuel pump inlet temperatures were -294.8°F and -419.0°F, respectively.
Second burn fuel lead generally followed the predicted pattern and resulted
in satisfactory conditions as indicated by thrust chamber temperature and
the associated fuel injector temperature. The start tank performed satis-
factorily during second burn blowdown and recharge sequence. The engine
start tank was recharged properly and maintained sufficient pressure
curing coast. However, the relief valve was relieving at approximately
1280 psia. This pressure was below the expected relief setting of 1325
t25 psia but within acceptable operating requirements. The engine control
sphere first burn gas usage was as predicted; the ambient helium spheres
recharged the control sphere to a nominal level for restart.

The second turn start transient was satisfactory. The thrust buildup was
within the limits set by the engine manufacturer and was similar to the
thrust buiidup on AS-506 and AS-505. The PU valve was in the proper full
open (4.5 EMR) position prior to the second start. The total impulse from
STDV open to STDV oper +2.5 seconds was 179,996 i5f-s.

4t 9965.7 seconds the 0p/H; burner oxidizer shutdown valve was cormanded
closed as part of the burner automatic cutoff sequence. The command was
not received at the actuation control module (see paragraph 12.4) and
therefore the oxidizer valve did not close. The burner chamber tempera-
ture increased as the mixture ratio became LOX rich as shown in Figure 7-5
and eventually caused a burnthrough of the LHp tank repress primary helium
coil. LHp tank ullage gas, and later LH) pressurant gas from the J-2
engine fed back through the burned out coil to sustain combustion. Com-
bustion continued in this manner, providing a low level of thrust, until
10,350 seconds when the burner oxidizer supply line inlet, located in the
oridizer tank, was uncovered by a falling LOX level. LOX tank ullage gas
continued tu flow tiirough the burner until 10,554 secords when a ground
initiated command was successful in closing the oxidizer valve. After
engine cutoff, the LH) tank ullage gas continued to flow out tirough the
burner except during helium dumps. Ambient and cold helium dumps were
made through the LHp tank pressurization system and the LH» tank ullage
gas flow was temporarily blocked. After Lunar Mcdule (LM) ejection at
15,180.9 seconds, there is evidence, as shown in Figure 7-6, of some
restriction of the burner nczzle by formation of solid hydrogen. It was
during this time period {approximately 15,C00 to 16,000 s<_.onds) that the
astronauts observed and photographically recorded two directional (radial
and a‘t direction) cyclic venting emanating from the burner area.

At 15,001.2 seconds, the cold helium dump was initiated. The flow
of cold helium through the burner apparently caused solid hydrogen to
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plug the burner nozzle. The data in Figure 7-6 show an equalization of
pressure between the burner chamber and the LH» tank ullage pressure. At
16,215 seconds, the burner chamber pressure dropped auruptly from 12 to

] psia, apparently as a result of unplugging the burner nozzle.

The C2/H2 burner cutoff anomaly did not result in any problems in attain-
ment of mission objectives.

The helium control system performed satisfactorily during second burn
mainstage. There was little pressure decay during the burn due to the
connection to the stage repressurization system. Approximately 0.60 1bm
of helium was consumed during second burn.

7.7 S-1VB MAINSTAGE PERFORMANCE FOR SECOND BURN

The propulsion reconstruction analysis showed that the stage performance
during mainstage operation was satisfactory. A comparison of predicted
and actual performance of thrust, total flowrate, specific impulse, and
mixture ratio versus time is shown in Figure 7-7. Table 7-2 shows the
specific impulse, flowrates and MR deviations from the predicted at the
STOV +172-second time slice.

7.8 S-IVB SHUTDOWN TRANSIENT PERFORMANCE FOR SECOND BURN

S-IVB second ECO was initiated at 10,383.89 seconds by a guidance velocity
cutoff command for a burntime of 341.2 seconds. This burntime was 3.8
seconds shorter than predicted.

Tne transient was satisfactorv and agreed closely with acceptance test
and predictions. The total cutoff impulse to zero thrust was 45,729 1bf-s.
Cutoff occurred with the PU valve in the null position.

7.9 S-IVB S1AGF PC” "T MANAGEMENT

The PU system was ¢,. .cu in the open-100p mode. The PU system success-
fully accompiished the requirements associated with propellant loading.

A comparison of propellant mass values at critical flight events, as deter-
mined by various analyses, is presented in Table 7-3. The best estimate
full load propellant masses were 0,36 percent greater for LOX and 0.37
percent greater for LH» than the predicted values. These deviations were
well within the required loading accuracies.

Extrapolation of propellant level sensor data to depletion, using pre-
pellant flowrates, indicated that a LOX depletion cutoff would have
occurred approximately 10.14 seconds after second burn velocity cutoff.

During first burn, the PU valve was positicned at null for start and re-

mained there, as programed, for the duration of the burn. The PU valve
was commanded to the 4.5 EMR position 120.6 seconds prior to second ESC,
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Table 7-2. S-IVB Steady-State Performance - Second Bum
(STDV +172-Second Time Slice at Standard Altitude Conditions)

FLIGHT PERCENT
PARAMETER PREDICTED | RECONSTRUCTION DEVIATION DEVIATION
! FROM PREDICTED
Thrust,
1bf 206,125 207,688 1563 0.76
Specific Impulse,
1bf-s/1bm 428.98 429.2 0.22 0.05
LOX Flowrate,
1bm/s 399.02 402.17 3.15 0.79
Fuel Flowrate, |
1bm/s 81.48 81.76 0.28 0.34
Engine Mixture
Ratio,

LOX/Fuel 4.897 4.918 0.021 0.43

and remained there for 230.4 seconds. At second ESC +109.8 seconds, the
valve was commanded tc the null position (approximately 5.0 EMR) and re-
mained there throughout the remainder of the flight.

7.10 S-1VB PRESSURIZATION SYSTEMS
7.10.1 S-IVB Fuel Pressurization System

The LHp pressurization system operationally met all engine performance
requirements. The LH> pressurization system indicated acceptable perform-
ance during prepressurization, boost, firct burn, coast phase, and second
burn.

The LHp tank prepressurization command was received at -96.4 seconds and
the pressurized signal was received 13.0 seconds later. Following the
termination of prepressurization, the ullage pressure reached relief
conditions, approximately 31.7 psia, and remained at that level until
liftoff as shown in Figure 7-8. A small ullage collapse occurred during
the first 17 seconds of boost. The ullage pressure returned to the
relief level by 85 seconds due to self pressurization. At S-IC cutoff
the uliage pressure dropped 0.6 psid. This drop was larger than that
seen on previous flights and resulted from prcpellant slosh and a
smailer ullage volume. The pressure recovered to the relief level in
approximately 20 seconds. This decay was not a problem.
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Table 7-3. S-1VB Stage Propellant Mass History

' —
FVENT mnsw PREDICTED® PU INDICATED 7 JOLUMETRIC FLOW INTEGRAL BEST ESTIMATE
i JngECTED) l —
| tox f oL 1 wox [ e L x| ey LOX LHp LOX Ldp
S-IC Jgnitton | tbm | 189,898 143,500 | 190,271 | 43,458 | 190,667 | 43,699 | 190,675 | 43,795 | 190,587 43.663

Firct 5>-1VE . !
Ignition o 1be 43,453 | 190.667 43,699

190,675 43,795 | 190,587 43,607
| !

' 189,e9F 143,500 | 190,271 l

|
| ,
: 1
i
|
|
|
!

|
First S-IVB |

!
! |
H ' | i
Cutoff | 1bm { 136,760 32,593 ;135,837 , .21 E 135,142 1 52,34 135,874 | 32,539 i 135,909 32,346
: : : 1‘ | [}
Second S-1VB | ! ‘ : i ‘ i |
Ignition ‘ 1bm | 135,924 129,804 135,666 ' 9,653 135,971 {29,710 135,628 [ 30,127 + 135,617 29,753
[ i ; i .
Secons S-IVB | i ‘ E |
Lutoff 1 bm L 6870L 2138 1 4534 J 7566 4600 | 2570 4630 2526 1 4659 | 2535
¢ Predicted values «ic adjusted to the actual burn times. J

During first burn, the average precsurization fiowrate was approximately
0.65 1bm/s providing a total ilow of 94.4 1bm. All during the burn the
ullage pressure was at the relief level, as predicted.

The LHy tank was satisfactorily repressurized for restart by the 0p/Hp
burner. (The burner cutoff anomaly is discussed in paragraphs 7.6 and
12.4.) The LH2 ullage pressure was 30.5 psia at second burn ESC as shown
in Figure 7-9. The average second burn pressurization flowrate was

0.65 1bm/s until step pressurization wiren it increased to 1.03 Ilbm/s.

This provided a total fiow of 250 1bm during second burn. Significant
venting during second burn occurred at second ESC +279.3 seconds when step
cressurization was initiated. This behavior was as predicted.

The Ld2 pump inlet NPSP was calculated from the pump interface tempera-
ture and total pressure. These values indicated that the NPSP at first
burn ESC was 18.0 psid. At the minimum point, the NPSP was 7.8 psid
above the required. Throughout the burn, the NPSP had satisfactory
agreement with the predicted. The NPSP at second burn ESC was 2.2 psid
which was 2.3 psid below the required value. The NPSP requirement was
met by second STDV. This has occurred on previous flights and a reques*
is being written to remove or change tne second ESC requirement. Figures
7-10 and 7-11 summarize the fuel pump inlet conditions for first and
second burns, respectively.

7.10.2 S-1VvB LOX Pressurization System

LOX tank prepressurization was initiated at -167 seconds and increased
the LOX tank ullage pressure from ambient to 41.0 psia within 12 seconds
as shown in Figure 7-i2. Three makeup cycles were required to maintain
the LOX tank ullage pressure before the ullage temperature stabilized.

At -96 seconds the LOX tank ullage pressure increased from 39.1 to 40.2
psia due to fuel tank prepressurization, LOX tank vent purge, and LOX
pressure sense line purge. The pressure gradually increased to 41.5 psia
at liftoff.
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Figure 7-8. S-IVB LHy éllage Pressure - First Bum and Parking Orbit

During boost there was 2 normal rate of uilage pressure decay caused by
an accelcration effect and uliage collapse. No makeup cyc.es occurred
because ¢f an inhibit until after Time Base 4 (T4). LOX tank uiiage

pressure was 37.0 psia just prior to ESC and was increasing at ESC due

te a makeup cycle.

During first burn, two over-control cycles were initiated, as compared
to the predicted one to three cycles. The LOX tank pressurization flow-
rate veriation was 0.24 to 0.29 1bm/s during uvader-control system opera-
tion. This variation is normal and i1s caused by temperature etfects.
Heat exchanger performance during first burn was satisfactory.

Durirg orbital! coast the LOX tank ullage pressure experienced a decay
similar tc, though slightly greater than, that coxperienced on the AS-506
flight. This decay, although thz greatest seen to date, was less than
the maximum predicted decay, and was not a praoblem. Investigation is
continuing in an attempt to determine the relative effects of factors
contributing to this phenomenon. Factors under investigation include
heat transfer through tne common bulkhead, composition of ullage gas,
effects of stage maneuvers, and leakage of ullage gases.
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Figure 7-9. S-IVB LH2 Ullage Pressure - Second Burn and Translunar Coast

Repressurization of the LOX tank prior to second burn was required and
was sa‘ <factorily accomplished by the burner. The tank ullage pressure
was 40.0 p.ia at second ESC and satisfied the engine start requirements
as shown in Figure 7-13.
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S-IVB Fuel Pump Inlet Conditions - Second Bum
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Figure 7-12. S-IVB LOX Tank Ullage Pressure - First Burn and Parking Orbit

Pressurization system performance during second burn was satisfactory and
had the same characteristics noted during first burn. There was one over-
control cycle as comparea to zero to cne predicted. Flowrate varied
between 0.32 to 0.37 1bm/s. Heat exchanger performance was satisfactory.

The LOX Net Positive Suction Pressure (NPSP) calculated at the interface
was 24.2 psid at first burn ESC. The NPSP decreased after start and
reached a minimum value of 23.5 psid at 8 seconds after ESC. This was
10.7 psid above the required NPSP at that time.

The LOX pump static interface pressure during first burn followed the
cyclic trends of the LOX tank uilage pressure. The NPSP calculated at
the engine interface was 23.4 psid at second burn ESC. At all times
during second burn, NPSP was above the requirec level. Figures 7-14
and 7-15 summarize the LOX pump conditions for the first burn and the
second burn, respectively. The run requirements for first and seccn
burn were satisfactorily met.
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Figure 7-13. S-IVB LOX Tank Ullage Pressure - Second Burn
and Translunar Coast

The cold helium supply was adequate to mee! all Flight requirements. At
first burn ESC the cold helium spheres contained 380 1bm of helium. At
the end of the second burn, the helium mass had decreased to 168 1bm.
Figqure 7-16 shows helium supply pressure history.

7.11  S-1VB PNEUMATIC CONTROL SYSTEM

The pneumatic control and purge system performed satisfactorily during
all phases of the mission with one exception. During second burn the
oxidizer tark motor container pressure experienced a greater than normal
decay rate after second ESC +110 seconds, and was below LOX tank ullage

LOX ULLAGE PRESSURE, psia

pressure at second ECO but subsequently reached a normal level. The most

likely cause of this decay was cracking of the motor container pressure
relief valve due to vibrations. The pressure decay did not zause any
problems. Pneumatic regulator operation was nominal at all times.

7-20



W FIRST ESC

STDV OPEN
FIRST ECO
25 —~
ACTUAL
~ 20 - ‘1!|\M/|w, 30 _
5
- a
a 15 .
a REQUIRED - 20 m
2 I :
s do l“-!'l'l"llﬂr.ll!‘”qll - — e e c—— — . —— e —— — — m
- 10
5
- T 50 _
5 ACTUAL -
V (=%
—uw 30 = //V\All\h.\l\*f\/q py — ...T...mu.
.U..m S~ F\‘Iﬂ\".}\/l_ >
2 \ -4 22
o & PREDICTED o &
| T a
£ SHF—1-"—T >
a J [ « . |
(=4 «
>< = > b=
4 L 30 =4
20
94
L -291
b4 Tw_r
o ° 292 Y .
m_Wn..; 93 }— i W - mm
= - -293 a =
a. — <€
52 T\T;L WW
-7 9ol -4— +—F4 -+ - -294 _ o
oy B S&
O s =
= A L .295
9]
0 20 40 60 80 100 120 140 160
TIME FROM FIRST ESC, SECONDS
— % i A A L i L L @ j .
540 56 580 60G 620 640 660 680 700 720

Figure 7-14.

RANGE TIME, SECONDS

S-TVB LOX Pump Inlet Conditions - First Burn

7-21



LUX PUMP INLET

INLET

Lo PyMp

\/ SLCOND £S¢
\/ SLCOND STDV OPEN
VSECOND £CO

25 r
~ 2f 4 a4 L] S S
S SN SN S y
:”:’ 15} - B e ————
a - 20
-
)
- 10 r--—-1-——"—-——-—~—""———-=|g-- —_r e ——
£ i
REQUIRL
| Q D L 10
5 L l 1
35 T 50
L [PREDVCT*,U
(&)
~
[Poad - —
- 3 ._-a=:=1==::T:;L9-<?71 — = -
" JU:T:'—"- =2 . =3=
& ACTUAL - 40
oo
x 25 — e B E
=
5
=20 H l - 30
j'-: T
! /J-~291
| )
-~ ; : L_ogo
S S y ﬁ | - |29z
(]
= i ; --293
= !
s rH— 1 - ) $-293
&
b ] - - 295
91 I l |
G 50 100 174 200 250 00 350 &0
ML e OND 1S y
v TESMD R0l SLCOND Va0, SLo s
QW R A lv
2:47:00 24901y 2:51:00 2:53:00

PANGE TIME . HODRS MINUTES (ot . ON-s

Figure 7-15. S-IVB LOX Pump Inlet Conditions - Second Burn

7-22

LOX NPSP, psid

TOTAL PRESSURE, psia

LOX PUMP INLET

. OF

LOX PUMP INLET
TEMPERATURE



PRESSURE , N/cm2

¥ FIRST ECO

& START CRYOGENIC REPRLSS

¥ SECOND ESC :

7 SECONL ECO

W START COLD HELIUM DUMP

W END COLD HELIUM DUMP
START ~OLD HELIUM DUMP
END C.LD HELIUM DUMP
START COLD HELTUM DUMP
END COLD HELTUM DUMP

2500
ﬁ
} 3000
2oc0H——t -1 -
1500 -4 —— - A -t -1t 11 -
- =T~ - 2000
, .
|
1000
r
-1000
500 }——4——f - 1 - 1 R
0 : \—""&-&B.o
0 4000 8000 12,000 16 .000 20,000
RANGE TIME, SECONDS
’ 4
AV N S Y WA'A A &
0:00:00 2:00:00 4:00:00

RANGE TIME, HOUR>:MINUTLS :SECONUS

Figure 7-16. S-1VB Cold Helium Supply History

7-¢3

PRESSURE, psia



7.12 S-1VB AUXILIARY PROPULSION SYSTEM

The Auxiiiary Propulsion System (APS) demonstrated nominal performance

throughout the flight and met control system demands, as required, through
the loss of data at 43,980 seconds. The pressurization system operation

was satisfactory. The regulator outlet pressures for Module No. 1 and 2

were 192 psia. The APS ullage pressures in the propellant ullage tanks

;anged from 188 to 194 psia. The helium bottle temperatures ranged from
7 to 101°F.

The oxidizer anc fuel supply systems performed as expected during the
flight. The propellant temperatures measured in the propellant control
modules ranged from 80 tc 113°F. The APS propellant usage was as expected.
Table 7-4 presents the APS propellant usage during specific portions of
the mission.

The performance of the attitude control thrusters and the ullage thrusters
was also satisfactory throughout the mission. The thruster chamber pres-
sures ranged from 95 to 100 psia. The ullage thrusters successfully com-
pleted the four sequenced burns of 86.7 seconds, 76.7 seconds, 80 seconds,
and 300 seconds as well as the ground commanded 270-second slingshot

burn.

7.13 S-1VB ORBITAL SAFING OPERATIONS

The S-IVB high pressure systems were safed following J-2 engine cutoff
in order to demonstrate this capability. The thrust developed during
the LOX dump was utilized to provide a velocity change for the slingshot
maneuver. However, due to circumstances explained in paragraph 10.2,
the slingshot was not achieved. The manner and seguence in which the
safing was performed is presented in Figure 7-17.

7.13.1  Fuel Tank Safing

The LH, tank was satisfactorily safed by accomplishing three programed
vents as indicated in Figure 7-17, utilizing both the Nonpropulsive

Vent {NPV) and CVS. The LH tank ullage pressure during safing is shown
in Figure 7-9. At second ECO, the LHp tank ullage pressure was 31.8 psia
and after three vents had decayed to approximately 1.0 psia. The mass of
GH2 and LH3 vented agrees well with the 3059 ibm of liquid residual and
pressurant in the tank at the end of powered flight.

7.13.2 LOX Tank Dump and Safing

Immediately following second burn cutoff, a programed 150-second vent
reduced LOX tank ullage pressure from 40.0 psia to 18.0 psia as shown in
Figure 7-13. Data levels were as expected with 80.0 ibm of helium and
83.8 1bm of GOX being vented overboard. As indicated in Figure 7-13,
the ullage pressure then rose gradually due to self-pressurization, to
21.9 psia at the initiation of LOX dump.
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Table 7-4. S-IVB /PS Propellant Consumption

TIME PERIOD

MODOLE AT POSITION I

- MODULE AT POSITION III

OXIDIZER, FUEL, OXIDIZER, FUEL,
LEM LBM LBM LBM

Initial Load 262.6 126.0 202.6 126.0
First Bum (Roll 0.3 0.2 0.3 0.2
Control)
ECO to End of First 14.3 10.8 13.3 10.3
APS Ullaging
End of First Ullage 9.5 6.2 4.1 2.7
Burn to Start of
Second Ullage Burmn
Second Ullage Burn 12.5 9.9 1n.9 9.6
(76.7 sec)
Second Burm (Roll 1.0 0.5 1.0 0.5
Control)
ECO to Start of 17.1 10.5 12.1 7.8
Evasive Ullage Bum
Evasive llage Bum i11.9 9.4 11.9 9.4
(80 sec)
From End of Evasive 8.2 5.3 8.0 4.7
Ullage Burn to the
Start of Slingshot
Ullage Burn
Sequenced Slingshot 41.8 33.2 44.0 34.8
Ullage Burm (300
sec)
Ground Commanded 40.0 32.0 4.0 33.0
Slingshot Ullage
Burm (270 sec)
From End of Ullage 12.4 7.8 16.0 9.4
Burn to Loss of
Data (43,980 sec)
Total Usage 169.0 125.8 163.6 122.4

Note: The APS propellant consuption presented in this table was
determined from helium bottle conditions (Pressure, Volume,
Temperature [PVT] method).
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Figure 7-17. S-IVB LOX Dump and Orbital Safing Sequence

The LOX tank dump was initiated at 17,280.2 seconds and wés satisfactorily
accomplished. A steady-state liquid flow of 333 gpm was reached within
23 seconds.

Gas ingestion did not occur during dump. The LOX residual at the start
of dump was 4401 1bm. Caiculations indicate that 2649 1bm of LOX was
dumped. During dump, the ullage pressure decreased from 21.9 psia to
21.5 psia.

LOX dump ended at 17,338.2 seconds as scheduled by closure of the Main
Oxidizer Vaive (MOV). A steady-state LOX dump thrust of 808 1bf was
obtained. The total iapulse before MOV closure was 4G,583 1bf-s, re-
sulting in a calculated velocity change of 32.8 ft/s. Figure 7-18 shows
the LOX fiowrate du:ing cdump and the mass of liquid and gas in the oxi-
dizer tank. Figurc 7-18 shows LOX ullage pressure and the LOX dump
thrust produced. Tne predicted curves provided for the LOX flowrate and
aump thrust are in agreement with the quantity of LOX dumped and the
actual ullage pressure.

Two seconds following termination of LOX dump, the LOX NPV valve was
cpened and remained open for the duration of the mission. LOX tank
ullage pressure decayed from 21.4 psia at 17,400 seconds to zero pressure
at ap;:~<imately 23,000 seconds.
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7.13.3 Cold Helium Dump

Cold helium was dumped through the LH, cryogenic repressurization lines.
due to the coil burnthrough which occurred following the burner shutdown
anomaly, most of the cold helium was dumped overboard through the burner
nozzle, rather than through the fuel tank vents.

A total of approximately 160 1bm of helium was dumped during. the three
programed dumps, which occurred as shown in Figure 7-17.

7.13.4 Ambient Helium Dump

Approximately 41 1bm of ambient helium in the LOX and LH2 repress spheres
was dumped, via the fuel tank. The 62-second dump occurred at 13,985
seconds. The pressure decayed from 3040 psia to 520 psia.

7.13.5 Stage Pneumatic Control Sphere Safing

The stage pneumatic control sphere was safed by initiating the J-2 engine
pump purge and flowing helium through the pump seal cavities to atmos-
phere. The safing period of 1600 seconds satisfactorily reduced the pres-
sure in the sphere.

7.13.6 Engine Start Tank Safing

The engine start tank was safed during a period of approximately 150
seconds beginning at ]3,984.9 seconds. Safing was accomplished by open-
ing the sphere vent valve. Pressure was decreased from 1280 psia to 80
psia with 3.65 1bm of hydrogen being vented. a

7.13.7 Engine Control Sphere Safing

The safing of the engine control sphere began at 17,280 seconds. The
helium control solenoid was energized to vent helium throcugh the engine
purge system. The initial pressure in the sphere was 3125 psia, and it
decayec to about 900 psia in 55 seconds. At this time gaseous helium
from the ambient repressurization bottles began flowing to the engine
control sphere. Helium from the control sphere and repressurization
bottles continued to vent until 18,330 seconds. During this time, the
pressure in the repressurization bottles had decayed from 903 to 250
psia. The control sphere pressure had decayed to 10C psia. Subsequent
to the closing of the control solenoid, the control sphere repressurized
to 175 psia without any noticeable decay in stage ambient repressuriza-
tion bottle pressure. During the 1050-second safing period, a total of
21.7 1bm of helium was vented to atmosphere.
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SECTION 8
HYDRAULIC SYSTEMS .

8.1  SUMMARY

The S-IC, S-1I, and S-IVB hydraulic systems performed satisfactorily
throughout the mission. All parameters were within specification limits,
although the return fluid temperature of one S-IC actuator rose un-
expectedly at 100 seconds.

8.2 S-IC HYDRAULIC SYSTEM

Performance of the S-IC hydraulic system was satisfactory. All servo-
actuator supply pressures, return temperatures, and return pressures were
within required limits, although engine No. 2 pitch servoactuator return
temperature exhibited an unexpected increase from 92°F tc 110°F during
the period 100 to 120 seconds (see Figure 8-1). Although analysis shows
that loss of line insulation would not account for this temperature rise,
it should be noted that the time period does coincide with the time of
maximum gas temperatures in the base region. See Figure 14-2. This
temperature rise caused no probiems but its cause is still under investi-
gation.

8.3 S-II HYDRAULIC SYSTEM

S-11 hydraulic system performance was normal throughout the flight.

System supply and return pressures, reservoir volumes, and system fluid
temperatures were within predicted ranges. Reservoir fluid temperatures
were close to the predicted rate of increase. All servoactuators res-
ponded to commands with good precision, and forces acting on the actuators
were well below the predicted maximum. Launch pad redlines at liftoff
were met with ample margins.

8.4 S-1VB HYDRAULIC SYSTEM

The S-IVB hydraulic system performance was satisfactory during the com-
plete mission (S-IC/S-II boost, first and second burns of S-IVB, and
orbital coast).
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SECTION 9
STRUCTURES

9.1 SUMMARY

The structural ioads experienced during the S-IC bonct phase were well
below design values. The maximum Q region bernding moment was 37 x 106
1bf-in. at the S-IC LOX tank wnich was less than 20 percent of design
value. Thrust cutoff transients experienced by AS-507 were similar to
those of previous flights. The maximum dynamics resulting from S-IC
Center Engine Cutoff ?CECO) were 0.3 g at the Instrument Unit (Il') and
$0.7 g at the Command Module (CM). At Outboard Engine Cutoff {OECO) a
maximum dynamic longitudinal acceleration of -0.3 g-and -0.9 g was ex-
perienced at the IU and CM, respectively. The order of magnitude of
the thrust catoff responses are considered nominal. '

~ During the S-IC stage boost phase, 4.5 to 5.2 hertz oscillations were

detected beginning at 104 seconds. The maximum amplitude (£0.074 g)
was measured in the IU at 122 seconds. Oscillations in the 4.0 to 5.5
hertz range have been observed on previous flights with a maximum
amplitude of $0.07 g measured on AS-506 at 107 seconds.

The most significant structural oscillations occurred during S-II bum

and were higher than on any previous vehicle during the S-II' flight period
prior to CECO. Flight data analysis has identified four periods during
which oscillation buildups occurred. The osciilations peaked at 187, 248,
313 and 431 seconds in the frequency range from 15.2 to 16.2 hertz.
Oscillations in the chamber pressure, LOX sump pressure, and LOX inlet
pressure occurred at the same frequency as the structural vibrations. The
loading resulting from these oscillations, however, caused no structural
failure or degradation. -

During the S-IVB first bum, 18 hertz oscillations (measured at the

S-1VB engine gimbal block) began at 603 seconds, peaked at a level of
+0.12 g at 610 seconds, and damped out by 634 seconds. These oscillations
were detected at the same time period on AS-505 and AS-506. The AS-507
amplitude levels lie between those measured on the two previous flights.
During S-IVB second bum, 13 hertz oscillations began at 10,335 seconds,
peaked at 10,357 seconds at 2 level of $0.i2 g, and continued until engine
cutoff at a level of approximately $0.1 g. Previous flights have also
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shown gimbal pad oscillations of approximate’y *0.1 g at 13 hertz and
at about the same time. The launch vehicle structural system is considere~
to have satisfied all mission requirements.

Three vibration measurements were made on the S-IVB aft interstage. .The
maximum vibration levels measured occurred at 1iftoff and during the
Mach 1 to Max Q period.

9.2 TOTAL VEHICLE STRUCTURES EVALUATION
9.2.1 Longitudinal Loads

The structural loads experienced during S-IC boost were well below design
values. The AS-507 vehicle 1ifto:i cccurred nominally at a steady-state
acceleration of approximately 1.2 g. Maximum longitudinal dynamic re-
sponse measured at the IU and CM was $0.25 g and $+0.55 g, respectively,
as shown in Figure 9-1. Both values are cc.isiderably larger than those
on £S-506 (+0.13 g at the IU), but are within design values.
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Figure 9-1. Llongitudin.1l Acceleration at the Command Module
and Instrument Uni? During Thrust Buildup and Launch
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The longitudinal loads experienced at the time of maximum bending moment
(77.5 seconds) were naminal and are shown in Figure 9-2. There were no
discernible longitudinal dynamics at this time. The steady-state
longitudinal acceleration was 2.03 g.

Figure 9-2 also shows that the maximum longitudinai loads imposed on the
S-IC stage thrust structure, fuel tank, and intertank occurred at 135.24
seconds (CECO) &t a longitudinal acceleration of 3.71 g. The maximun
longitudinal loads imposed on ali vehicle structure above the S-IC inter-
tank occurred at 161.82 seconds (subsequent to OECO) at an acceleration
of 3.91 gq.

9.2.2 Bending Moments

The 1-2-1-1 engine start sequence apparently introduced more lateral
structural dynamic activity in the pre-release phase than had been ob-
served on previous flights. Launch operational loads are based on a
3-sigma ignition differ~ntial of 230 milliseconds for diametrically
opoosed engines. (There was a 202 millisecond differential on AS-507;
see Section 5). The increased twang effect from the 1-2-1-1 start
sequence combined with the low-level winds (13.3 knats at the 60-foot
level) experienced during launch, produced loads which were Tower than
the design values. The lateral accelerations measured at the IU are
shown in Figure 9-3.
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The inflight winds that existed during the maximum dynamic pressure phase
of the flight peaked at 92.5 knots at 46,670 feet. As shown in Figure 9-4,
the maximum bending mom=nt impcsed on the vehicle at the S-IC LOX tank was
37 x 106 1bf-in. at approximately 77.5 seconds. This moment loading was
less than 20 percent of design value. Bending moment computations were
based on the measured inflight parameters, i.e., engine thrust, gimbal
angle, dynamic pressure, angle-of-attack and accelerations.

9.2.3 Vehicle Dynamic Characteristics

9.2.3.1 Longitudinal Dynamic Characteristics. The most significant
vehicle responses during S-IC stage boost phase were detected by the IU
Tongitudinal accelerometer (A2-603) and the S-IC intertank longitudinal
accelerometer (A1-118). As shown in Figure 9-5, low frequency (4.5 to

5.2 hertz) structural oscillations began at approximately 104 seconds and
continued to CECO. The peak amplitude was +0.074 g measured in the IU at
122 seconds. These oscillations are the normal response of the first
Tongitudinal mode to flignt environmental excitations. First mode
oscillations have occurred on all previous flights. Since the AS-503
flight, the first vehicle having a POGO suppression system, the largest
amplitude measured was +0.07 g on AS-506 at 107 seconds. Spectral analysis
of F-1 engine chamber pressure, Figure 9-6, show no detectible buildup of
chamber pressure at the structural response frequency. POGO did not occur
during S-IC boos t. ’

The AS-507 S-IC CECO and OECO transient responses shown in Figure 9-7
were similar to those of previous flights. The maximum dynamics resulting
from CECO were +0.5 g at the IU and +0.7 g at the (M. At OECO a maximum
dynamic longitudinal acceleration of -0.3 g and -0.9 g was measured at
the 1U and CM, respectively.
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During the S-1J stage boost phase, at approximately 349 seconds, the
Apollo 12 astronauts reported experiencing a buildup of structural vibra-
tions. Flignt data analysis revealed four periods during which 15.2 to
16.2 hertz oscillations occurred prior to S-II CECO, 180 to 205 sec.unds,
225 to 267 seconds, 268 to 351 seconds and 405 to 463 seconds. Except for
the first time period the accelerations measured were higher than those
observed ~rior to CECO during any previous flight. Acceleration amplitude-
time histories of the center engine crossbeam, LOX sump and engine No. 1
th-ust pad, as measured during the AS-507 flight, are compared to the
AS-504 and AS-505 flight data in Figure 9-8. The principal frequency
associated with each oscillation period is also included in this figure.
The crossbeam oscillations peaked at 187, 248, 313, and 431 seconds.

Figure 9-9 presents the center engine crossbeam, LOX sump and engine No. 1
thrust pad acceleration characteristics following S-I1I CECO. It is evident
that CECO greatly attenuated * > low frequency oscillations in the 14 to
20 hertz frequency range.

Low frequency oscillations in the 14 to 20 hertz region existed in the
propulsion parameters during the same time periods observed on the
structural measurements as shown in Figures 9-10, 9-11 and 6-4. Pressure
amplitude-time histories for the same time periods for LOX symp, center
engine LOX inlet, and engine ho. 1 LOX inlet locations are shown in
Figures 9-12 and 9-13. As with the acceleration data, the pressure
perturbations for all engines were drasticaily attenuated following CECO.
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The maximum acceleration and pressure perturbations for each oscillation
period are summarized in Table 9-1. It should be noted that the center
engine related parameters are more dominant in the last two oscillation
periods. It should also be noted that for the second time period the LOX
sump. acceleration was approximately 1.4 times higher than that observed
on the crossbeam which is a departure from what has been observed on
previous flights.

Figure 9-14 presents 8 to 14 hertz band-pass filtered data for the three
acceleration measurements and the engine No. 1 chamber pressure measurement
for the period between CECO and OECO. These data indicate a low accelera-
tion amplitude buildup within this frequency region just prior to OECO;
however, there is no apparent increase in engine No. 1 chamber pressure.
Similar acceleration buildup characte.istics have been observed on previous
flights.
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Figure 9-9. S-II Post-CECO LOX Sump, Engine No. 1 and Center Engine
Crossbeam Acceleration (14 to 20 Hertz Band Pass Filter)

Although the S-I1 low frequeicy osciliations experienced prior to CECO
were higher than any previous flight, mainstage performance was not
impaired. The design limit load of 240,000 1bf for the crossbeam was
exceeded with the computed worst-case exposure load being 243,000 1bf at
313 seconds. However, the flight dynamic loads had minor affect on the
fatigue life of the beam and a factor of safety of 1.3 was maintained for

the imposed loadirg.

The AS-507 flight data indicated that a closed loop structural/propulsion
system coupling {PGGO) occurred during S-II stage burn prior to CECO. The
flight data also indicated that the oscillation buildups were limited; how-
ever, the limiting mechanism is not fully understood at this time. The
AS-507 S-II oscillaticns do show that due to the coupling between the struc-
tural and propulsion system an inherent systems instability does exist and
oscillations can be expected to occur during future fligihts. However, in
view of the history of seven successful Saturn V flights and the fact that
the S-TII stage structure can withstand oscillation amplitude levels three
times that experienced on AS-507, the decision has been made to fly AS-508
as is, i.e., without a POGO suppression system on the S-II stage.
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Figure 9-10. S-II Pre-CECO Thrust Chamber Pressure Characteristics
(14 to 20 Hertz Band Pass Filter)

Low frequency longitudinal oscillations similar to those experienced on
the AS-505 and AS-506 flights again occurred during AS-507 S-IVB first
and second burns. Durina first Ltum, 19 hertz oscillations (measured at
the J-2 engine gimbal block) began at 6U3 seconds, peaked at a ievel of
10.12 g at 610 seconds, and damped out by 634 seconds as shown in

Figure 9-15, These oscillations were detected at the same time period on
AS-505 and AS-506. The AS-507 gimbal block amplitude levels lie between
those measured on the two previous flights. The LOX suction line inlet
vibration measurement reached a maximum of $0.19 g compared to +0.12 g on
AS-506. This measurement was not available on AS-505 for comparison. A
corresponding buildup occurs in chambe: pressure. Figure 9-16 shows that
the 19 hertz oscillations are clearly visible in both structural and
propulsion measurements.
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(14 to 20 Hertz Band Pass Filter)

During S-IVB second turn, 13 hertz oscillations began at 10,335 seconds,
peaked at 10,357 seconds at a level of +0.12 g and continued to engine
cutoff, at a level of approximately +0.1 g as shown in Figure 9-17.
Previous flights have also shown gimbal pad osciilations of approximately
+0.1 o at 13 hertz i¢nd at about the same time period. As shown in

Figure 9-18, the AS-507 LOX puip inlet pressures show a small 13 hertz
component, but the 13 hertz chamber pressure response remains beiow the
noise threshold. The magnitudes of the S-IVB low frequency oscillations
during both first and second burns were well below design limits and did
not affect the structural integrity of the stage.

9.3 VIBRATICN EVALUATION

One skin and twe stringer vibration measurements were made on the S-IVB aft
interstage during the AS-5G7 flight. As shown in Figure 9-19, the skin
measurement vibration ievels were higher than the stringer vibration levels
throughout flight, which was expected. No previous flight vibration data
for the aft interstage area is available for comparison.
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Vibration measurements £99-411 and E100-411 (forwar. bending mode, pitch
and yaw, respectively), installed in the S-IVB forward skirt, did not
indicate any increased vibration leveis following step pressurization
(10,314 seconds). Both E99 and E100 indicated +0.03 g compared to
t0.58 g for E99 and +0.52 g for E100 on the AS-505 flight when the
increase in 45 hertz vibration was observed.
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Figure 9-14. Acceleration and Pressure Characteristics from S-11
CECO to OECO (8 to 14 Hertz Band Pass Filter)
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Table 9-1. Summary of Peak S-II Oscillation Ampliiudes
PARAMETER TIME PERIOD (SEC)
180 to 205 | 225 to 267 | 268 to €1 | 405 to 463
Center Engine Beam, Gpeak 0.90 1.75 .75 3.70
Engine No. 1 Thrust Pad, 0.25 0.50 0.90 0.75
Gpeak .
LOX Sump, Gpeak 0.75 2.4 2.60 - 2.10
Center Engine Chamber 2.0 4.0 5.0 ¢.4
Pressure, psi*
Engine No. 1 Chamber 2.4 4.5 4.9 2.0
Pressure, psi®
LOX Sump, psi* 1.5 5.5 5.1 3.7
Center Engine Inlet, psi™ 4.0 1.0 17.5 15.0
Engine No. i Inlet, psi® 7.7 12.8 10.4 3.8
*) to peak
0.3
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0.20 b e AS“SOG // . \\
= === PS-507 & '~ | .
0.10 T i 7 C" g ‘\L I~
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Figure 9-i5. S-1VB AS-507, AS-506 and AS-505 Gimbal Pad Response

Versus Flight Time - First Burn
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SECTION 10
GUIDANCE AND NAVIGATION

10.1  SUMMARY
10.1.1 Flight Program

The guidance and navigation system performed satisfactorily throughout
the mission. All maneuvers, switch selector event sequencing, and
staging occurred very close to nominal times. The parking orbit and
Translunar Injecticn (TLI) parameters were within the 3-sigma tolerance.

The S-IVB/IU did not achieve heliccentric orbit because it did not pass
sufficiently near the moon for slingshot. The duration of the ground
commanded uliage engine burn was computed using a telemetered state vector
rather than a vector obtained from tracking. The difference between the
two vectors at 10,417.2 seconds (23 seconds after TLI) was 5.7 m/s

(18.7 ft/s). This difference was less than the allowable 3-sigma limits
but exceeded the allowable limits for accomplishing slingshot. This
difference was a result of rather large space-fixed component velocity
differences observed prior to the S-IVB stage second burn, which was
enlarged through the second active guidance period. These component
velocity differences were probably caused by a combination of a scale
factor gain error in the Z (downrange) accelerometer, a different from
nominal LH2 vent impulse in parking orbit and other unidentified sources.

At 36.6 seconds, the Y (pitch) gimbal counter reading changed 2.8 degrees
between successive minor loop samples. The maximum acceptable change was
0.4 degree. The reading was rejected, a minor-loop error word was tele-
metered, and the preceding reading was used. No other excessive reading
changes occurred during the mission.

10.1.2 Instrument Unit Components

The Launch Vehicle Nigital Computer (LVDC), the Launch Vehicle Data Adapter
(LVDA), and the -124M-3 inertial platform functioned satisfactorily. At
37.01 second-, 3it 1 (sign bit) was set in Mode Code 24 status work indi
catinc & disagreement between the A and B counters of the Z (downrange)
acCelerometer. The B counter reading was used because its value was nearer
to that expected by the flight program. Subsequent readings exhibited no
disagreements and therefore, the A counter readings were used for the re-
mainder of the mission.
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During translunar coast, LVDC Error Monitor Register Bits 1 and 15 were
set indicating two separate disagreements in two triple redundant signal
paths between the LVDA and LVDC. System operation was not affected.

10.2 GUIDANCE COMPARISONS

The postflight guidance error analysis was based on comparisons of the
ST-124M-3 platform measured velocities with the postflight trajectory
established from external tracking data (see paragraph 4.2). The velocity
differences shown in Figure 10-1 are characteristic of platfoim system
errors. The comparisors made and reported herein are referenced to the
AS-507 final (14 day) .ostflight trajectory. The boost-to-parking orbit
portion of the trajectory was a composite fit of C-Band radar data. The
parking orbit trajectory was generated from an orbit fit of Bermuda (BDA),
Carnarvon (CRO! and Merritt Island Launch Area (MILA) C-Band radar. The
second burn trajectory was constructed from platform measured velocities
constrained to orbital solutions.
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Figure 10-1. Trajectory and ST-124M-3 Platform Velocity Comparison
(Trajectory Minus Guidance)
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Figure 10-1 presents the comparisons of the platform measured velocities
with corresponding values from the postflight trejectory. A positive
difference indicates trajectory data greater than the platform measurement.
The velocity differences at first S-IVB Engine Cu off (ECO) were -0.76 m/s
(-2.49 ft/s), 1.84 m/s (6.04 ft/s), and -1.34 m/s (-4.40 ft/s), for verti-
cal, crossrange, and downrange velocities, respectively. Althouch these
velocity differences are relatively small and within specification, the
difference in the downrange component is the largest value for that
component observed on a Saturn V flight. The trajectory for the remainder
of the mission was relatively insensitive to crossrange velocity differences.
An error analysis based on the velocity differences shown in Figure 10-1
indicates all hardware errors were very smail except for the downrange
accelerometer. Table 10-1 presents the velocity differences at first
S-1VB cutoff for each of the Satum V flights.

The platform velocity comparisons shown for the second S-IVB burn in
Figure 10-2 reflect differences in initial state vectors for the second
burn computed by the LVDC and postflight trajectory program. The LVDC
state vector was in error as a result of an initial error at initialization
of orbital navigation and z~proximately 35,585.8 N-s (8000 1bf-s) (4.4 per-
cent) low in total impulse due to LH, venting. The crossrange and the
downrange velocity differences shown in Figure 10-2 are not realistic,

Table 10-1. Saturn V Platform Velocity Differences at First S-IVB ECO

TRAJECTORY MINUS LVDC
VENICLE VELOCITY DIFFERENCES M/S (FT/S)

aX aY as
45-50" 1.9 -2.9 -0.5
(6.2) (-9.5) (-1.6)
AS-502 -0.7 -1.85 -0.3
(-2.3) (-6.07) (-0.98)
AS-503 -0.10 -1.45 0.10
(-0.33) (-4.76) (0.33)
AS-504 -1.42 2.66 0.31
(-4.06) (8.73) (1.02)
AS-505 -0.8 1.0 -0.6
(-2.5) (3.3) (-2.0)
AS-506 1.52 1.73 0.54
(4.99) (5.68) (1.77)
AS-507 -0.76 1.84 -1.34
(-2.49) (6.04) (-4.40)
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Figure 10-2. Trajectory and ST-124M-3 Platform Velocity Comparisor -
Second S-IVB Burn (Trajectory Minus Guidance)

because there was no ground tracking during Time Base 6 (Tg). Therefore,
the trajectory state vector may not be a reliable reference. The charac-
teristic velocity determined from the platform velocities during second
burn was very near nominal. LVDC velocity was 0.46 m/s (1.51 ft/s) higher
than the postilight trajectory indication and 0.5 m/s (1.64 ft/s) lower
than the operaticnal trajectory.

10-4



Velocities measured by the ST-124M-3 platfom system are shown for
significant event times in Table 10-2 along with corresponding values

from both the postflight and operational trajectories. The dif . erences
between the telemetered velocities and the postflight trajectory values
reflect some combination of snall guidance hardware errors and tracking
errors. The differences between the telemetered and operational trajectory
values indicate differences between predicted and actual flight environ-
ment and vehicle performance.

Comparisons of navigation (PACSS 13 coordinate system) positions, velo-
cities, and flight path angle at significant flight event tiries are pre-
sented in Table 10-3. The guidance (LVDC) and postflight trajectory values
are in relatively good agreement for the boost-to-parking orbit burn mode.
However, the downrange velocity component e-rors are larger than those
observed on previous Saturn V flights. Aithough the differences are well
within 3-sigma specifications and the accuracy of the data compared,
component error builcdup during Earth Parking Orbit (EPQ) are more sensitive
to downrange initial errors than to either of the other components.

Figure 10-3 shows the buildup of the velocity differences during EPQ.

Sinc~ Tg was not covered by either telemetry or tracking, comparisons are
shown at ignition or second S-IVB burn. The difference in total position
and velocity at second ignition is very small, but the component differ-
ences are rather large. The effects of these second burn initial errcrs

on the state vector at TLI are discussed below.

10.2.1 OMPT/LVDC Navigation State Vector Differences

The differences between Observed Mass Point Trajectory (OMPT) tmecking
data (postflight trajectory) and LVDC telemetry as discussed in para-
graph 4.3.5 were within 3-sigma tolerances. The LVDC state vector,
which was used to detevmine the duration of second midcourse Auxiliary
Propulsion System (APS) ullage engine burn revealed that the LVDC had

a total velocity magnitude 5.7 m/s (18.7 ft/s) greater than the velocity
obtained from tracking data (see Table 10-4). A velocity error greater
than approximately 4 m/s (13 ft/s) would prevent slingshot. The veloc-
ity tolerance is not precisely 4 m/s (13 ft/s) because of slight differ-
ences between telemetered and tracking values cf geocentric radius and
inertial flight path angle.

Comparisons of free-trajectcry simulation runs from the OMPT and LVDC state
vector at parking orbit insertion to Tg revealed comporent position and
velocity differences which were very close to those observed between the
LVDC and OMPT as shown in Tables 10-5 and 10-6. These differences are
propagated through the simulated S-IVB second burmm to approximately the
same differences which existed between telemetered and tracking data

at TLI +23 seconds as shown in Table 10-4.
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Table 10-2. Inertial Platform Velocity Comparisons
(PACSS 12 Coordinate System)
B VELOCITY M/S (FT/S)

EVENT y DATA SOURCE VERTICAL CROSSRANGE RANGE

. (xm) (Ym) (2m)
Guidance 2644 95 -7.05 2222 &
(8677.66) (-23.13) (7292.93)
S-1C Postflight 2644 .72 -6.88 2222.77
0ECO Trajectory (8676.90) (-22.57) (7292.55)
Operational 2645 .05 -0.87 2234.39
Trajectory | (8677.99) (-2.85) (7330.68)
Guidance 3405.80 -1.35 6797.08
(11,173.88) (-4.43) (22,300.13)
S-I1 Postflight 3405.09 o.n 6796.28
00 Trajectory |(11,171.56) (0.36}) | (22,297.51)
Operational 3393.42 -3.04 6811.54
Trajectory {{11,133.27) (-9.97) | (22,347.57)
Guidance 3185.10 1.00 7603.85
(10,449.80, (3.28) (24,947.01)
First S-1VB Postflight 3184.35 2.82 7602.55
£Co Trajectory |(10,447.34) (9.25) (24,942.75)
Operational 3174.08 1.55 7601.07
Trajectory ;(10,413.65) (5.09) | (24,937.89)
Guidance 3184.60 1.00 7605.50
(10.448.16) (3.28) | (24,952.43)
Parking Orbit | Postflight 3183.82 2.83 7604.20
Insertion Trajectory |(10,445.60) (9.28) | (24,948.16)
Operational 3173.53 1.% 7602.61
Trajectory |[(10,411.84) (5.12) | (24,942.95)
Guidance 2401.85 516.50 2006. 80
(7880.09)| (71694.55) (6583.99)
Second Postflight 2402.38 514.51 2005.69
S-1vB ECO* Trajectory (7881.82) (1688.02) (6580.35)
Operational 2407.53 518.02 2001.34
Trajectory (7898.72)] (1699.54) (6566.08)
- Guidance  2404.25 517.65 2009.55
(7887.96) (1698.33) (6593.01)
Translunar Postflight 2404.69 515.72 2008. 37
Injection* Trajectory (7889.40)] (1691.99) (6589.14)
Operational 2409.69 519.04 2003.78
Trajectory (790s.81)] (1702.89) (6574.08)

Time Base 6.

*Second burm velocity data

represent accumulated velocities from
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Table 10-3.

Guidance Comparisons (PACSS 13)

92&;E;gns chqurlft FLIGHT PATH
DATA FT) /E ANGLE (DEG)
EVENT SOURCE ( (F1/%)
X Y, 1 R X Vs 2 - v
Guidance 6,439,261 38,875 159,440 | 6,441,352 899,61 113.60 2596 .7 | 275025 20,5247
5-1C (21,126,184)} (127,543) (523,097) |(21,133,045)] (295).48)) (372.70) {8518 &, {3023.13}
0eco Postflight 6,439,228 38,873 159,396 | 6,441,318 899.24| 113.78 | 2597.63 1 2750.6¢ | 20.5134
Trajectory [(21,126,076)| (127,536) (522,953) {(21,132,933) (2950.26)| (373.29) | (B520.44) | '9n2d 4v; f
Operations’ 6,438,794 39,447 160,190 6,440,907 893.01 119.7 261001 27€1.1t 1 29,3094
Trajectory [(21,124,652)( (129,419) (525,558) {(21, {31,8 ,585) {2929.82) (392.75) (85€3.02) ' '9rsp . Pa)
Guidance 6,286,258 79,482 1,883,59¢| 6,562,873 -1945,78 90.65 . 6681.19 |  5G39.3L |  © 4518
§-11 (20,624,206) | (260,768) |(6,179,777) [(21,531,736)| (-6383.79)| (297.41) (¢1,919.91) |(27,8%2. 51
0ECO Postflight 6,286,071 79,761 1,883,298 | 6,562,61! ©1946.63 92.09 | 6E40.67 | 6959.11 | n.442)
Trajectory 1(20,623,593)| (261,683) {({6,178,799) |(21,530,876)| (-6385.58)| (302.13) {21.918.21) |<zz.az‘_73,
Dperational 6,286,247 79,783 1,881,611 6,562,296 -1947 .50 8.65 €698.44 | £976.37 | 0.4611
Trajectory [(20,624,170)| (261,755) |(6,173,2€4) |(21,529,843)| (-6389.44)| (290.85) Y21,976.51; '(22,888.50) ! o
Guidance 5,910,612 91,436 2,852,011 6,563,357 -3387.02 17.13 16,26 T 779141 0 .n0019 |
First (19,391,772)| (299,987) |(9,356,991) {(21,533,323)|(-11,112, 27) (255.02) X23,0 .29) [{25.5€2.37) . :
S-1ve £CO kostflight 5,910,31¢ 91,942 2,851,572 6,562,902 -3388 79.44 |, 7015.02 l 7790.76 | -0.0151%
Trajectory [(19,390,781)] (301,647) [(9,355,551) |(21,531,831;[(11,115, 78) (260.63) X23.015.16) }(25,560.40)
Dperations! 5,919,482 91,318 2,833,602 6,563,376 =3365.04 78.23 ' 7026.83 7791 .40 -1,.001C
Trajectory [(19,420,873) (299,600) |(9,296,594) (21 §33,386) (-11,040,16)| (256.66, (23,053.90) [(25,562.34)
. Buidance 5,876,321 92,208 2,901,985 563,356 -3470.65]  76.56 6977.20 7793.1 -5.00033
Parking Orbit (19,279,268)| (302,520) |(9,536,565) |(21, 533 ,320) (-11,386.65)| (251.18) (22,891.08) 1(25,567.95)
Insertion Postflight 5,876,007 92,730 2,921,531 6,562,88! -3471.73 78.28 6975 .96 7792.50 -1.01365
Trajectory [(19,278,238) (304,232) |(9,585,082) {(21,531,762)|(-11,390.19)| ‘256.82) {(22,887.01) |(25,565.94)
perational 5,885,410 92,095 2,903,684 | 6,563,376 -3448 .82 77.08 6927 .91 7792.02 0.0061
rajectory |{19,309,088)} (302,149) |](9,526,522) |(21,533,386)|(-11,315.03)| {22.89) {(22,926.21) (25,567.65)
Guidance 3,436,451 -106,928 | -5,603,742| 6,574,388 6643.20| 113,55 4068.49 7790.28 | 0.020271
Second (11,274,446) | (-350,814) [18,324,980) |(21,569,514)| (21,795.2R)| (372.54) 13,348.06) [(25,560.63)
S-[v8 Postflight 3,468,449| -107,7%8 { -5,584,270| 6,574,635 5619.21 115,03 4104 5¢ 1789.39 n.02797
Ignition Trajectory [(11,379,426)((-353,536) {18,321,096) |(21,570,325)] (21,716.57)| (377.40) [(13,466.40) [(¢5,555.74) .
Operational 3,424,121] 107,289 | -5,6)1,848| 6,574,532 6651.89] 113.50 153,34 7790.38 0.0219
Trajectory [(11,232,994)](-351,999) }18.410.262) (21,569,966)) (21,823.79)( (372.36) [(13,298.36) {(25,559.00)
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Figuré 10-3. _Parking Orbit Velocity Comparisons (OMPT Minus LVDC)

Table 10-4. State Vector Comparisons at TLI +23 Seconds (10,417.19 Seconds)

150

VELOCETY DIFFERENCE, ft/s

RADAR Lvoc 60 SIMULATION®

PARVETER (REAL TINE) TELEETRY TE 3Ry NINUS LVDC
X_, meters 5,969,800 5,948,300 21,500 25,400
£ () (19,585,958) (19,515,420) (70,538) (83,333)
Y., meters 1720 2580 -860 2600
5 (r) (5643) (8465) (-2822) - (8530)

Z,, meters -3,225,800 -3,256,700 0,900 © 32,200
(£¢) (-10,583,333) (-10,684,712) (101,279) (105,643)
. WS 6.613.27 6646.46 . =33.19 -28.53
| % (fus) (21,697.08) (21,805.97) (-108.89) (-93.60)

Vo, ws 669.21 669.98 -0.77 0.02 -
Bt (2195.57) (2196.10) (-2.53) (0.97)
Z,. ws 8454.77 8435.85 18.91 16.98
(et/s) (27,738.75) (27,676.67) (62.08) (5.7)
V., ws 10,754.82 10,760.53 5.7 -4.7%
ST {rs) (35,284.84) (35,303.58) (-18.74) (-15.62)

«OMPT state vector at carth parking orbit crojected on through TLI.
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Tabie 10-5. OMPT/LVDC State Vector Differences at 703 Seconds
(Near Parking Orbit Insertion [POI])
, oMPT LVDC oMPT CORRECTED OMPT
PARAMETER (14 DAY) TELEMETRY MINUS LVDC MINUS LVDC
X, meters 5,889,520 5,889,800 -280 -150
(ft) (19,322,572) (19,323,491) (-919) (-492)
Y, meters 92,220 91,900 520 520
(ft) (303,215) (301,509) (1706) (1706)
Z,. meters 2,894,230 2,898,700 -479 -240
(ft) (9,495,505) (9,497,047) (-1542) (-787)
Xge /S -3439.28 -3438.24 -1.04 -0.72
(ft/s) (-11,283.73) (-11,280.31) (-3.42) (-2.36)
?s. m/s 78.75 77.02 1.73 1.72
37 (ftss) (258.37) (252.69) (5.58) (5.64)
Z, m/s 6991.90 © 6993.21 1.3 -0.8€
(ft/s) (22,939.30) (22,943.60) (-4.30) (-2.82)
Vg, ms 7792.50 7793.10 -0.€0 -0.44
(ft/s) (25,565.90) (25,567.91) (-2.01) (-1.44)

Table 10-6. OMPT/LVDC State Vector Differences at 9812 Seconds
(Tg +348 Seconds)
oY LVOC oeT 60 SIMULATION®

PARAMETER (14 DAY) TELEMETRY MINUS LVOC MINUS LVDC
X_, meters 1,826,400 1,790,000 36,400 . 39,790
S°(ft) (5,992,126) (5,872,703) (119,423) (130,545)
Y_, meters 130,100 -128,900 -1100 -1150
$°(ft) (-426,:03) (-422,900) (-3609) (-3773)
Z_, meters -6,313,8°0 6,323,900 10,500 11,360
ST (ft) (-20,713,255) (-20,747,703) (34,448) (37,270)
X, Ws 7484.60 7497.26 -12.66 174
S°(ft/s) (24,555.77) (24,597.31) (-41,54) (-38.52)
Y., w/s 76.38 75.21 1.17 1.18
.‘ (ft/s) (250.59) (246.75) (3.84) (3.87)
2., ws 2157.89 2116.48 0.0 45.25
3" (ft/s) (7079.69) (6943.83) (135.86) (148.46)
. W5 7789.83 7790.64 -0.81 -0.05
% (ft/s) (25,557.19) (25,559.84) (-2.65) (-0.16)

*«PT state vector at earth parking orbit projected on. through TLI.
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The significant state vector differences at parking orbit insertion may
be correlated with a Z (downrange} accelerometer scale factor gain error.
For AS-507, simulations show that the probability of achieving slingshot
would be less than 50 percent with a nominal APS burn if the scale factor
error approaches the 3-sigma value. This error exceeded the 3-sigma value
during boost to parking orbit. During the prelaunch ST-124M-3 system test
and checkout the Z accelerometer scale factor gain error was approximately
10 percent above its test specification (almost twice 3 sigma). An Un-
satisfactory Condition Report (UCR) was generated and a specification
waiver was approved based on primary missicn requirements.

Initial impulse from venting thrust was approximately 35,535.8 N-s

(8000 1bf-s) less than the programed value of 824,923 N-s (180,450 1bf-s)
which was 4.% percent less than that programed. This low impulse is in-
dicated by the thrust curve shown in Figure 10-4. The total velocity
gained from venting was very close to the predicted value but it was
accumulated more slowly which caused component velocity errors.

Table 10-7 summarizes the contributing factors to the space-fixed naviga-
tion vector differences between the OMPT and the LVDC up to the second
S-IVB stage burn period (Tg +348 seconds). The table shows the error
contributors to the difference of the two vectors at the end of the first
boost period (700 seconds). The OMPT vector was then corrected by the
identified error by inspecting the component difference curves. The
resulting vector difference at Tg +348 seconds was caused by the initial
hardware errors during th? boost period, the vent differences, and the small
OMPT error. Table 10-8 summarizes the navigation state vector differences
from parking orbit insertion to translunar coast.

240
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Figure 10-4. LHp Continuous Vent Thrust During Parking Orbit
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Table 10-7. Contributing Factors to Space Fixed Navigation Vector
Differences During Parking Orbit

al;s I\ 8 aXs zﬁ, adg VT
SRROR S§  RCE ETE l(TEB ETERS M/S LT n/s n/s
(FT) {FT) (FT. (F1/S) (FT1/5) (FT/5) (F1/S)
PRYAARY :
Parking Owit Insertion
Vector Ervor Conributors:
ST-1200.3 -180 523 -234 -0.78 1. -0.87 -0.34
(-459) {(1ne) (-768) (-2.56) (5.64) (-2.88) {(-.1)
Trecking* -140 -3 2% -0.26 0.00 0.4 -0.3%
{-459) (-10) (-778) (-0.8S) (0 0!) (-1.4) (-1.2)
TOTAL (700 jec) -280 520 -4 . -1.04 -1.31 ~0.10
(0PT-LvIC) (-919) (1706) {-1542) (-3.41) ((5.67) (-4.30) (-2.3)
Resylt » vector Error
at T, .42 seconds
12483 22,800 =130 . 7000 -1.57 0.83 25.04 -0.21
(74,803) (-4265) (22,966) (-24.08) (2.72) (84.78) (-0 69)
venting 13,000 300 4900 -3.75 0.44 16.09 0.90
(42,651) (984) (16,026) {- IZ 3) (r.4) (52.79) (2.6)
Tracking®** 600 -100 -1400 -0.10 -0.52 -1.80
{1969) (-328) (-3593) (-4.53) (-0.33) (-1.7) {-4.59)
TOTAL** 36,400 -1100 10 S00 -12.7 L1177 4.8 -3.81
DELTA (OMPT-LVDC) (119,423) {-3609) (34,449) - (-81.7) (3.04) (135.9) (-2.7)
*Estinated by inspecting difference curves.
**Total difference accumulated to 9812.0 secons wsing corvected OPT at 700 seconds.
essyalues based on corrected OMPT start polat.

Basad upon examination of the achieved end conditions, all functions of the
IU/LVDC/LVDA guidance and navigation scheme were performed predictably and
satisfactorily. Errors in accelerometer scale factor or bias approaching
the 3-sigma values, particularly in the downrange accelerometer, are criti-
cal (when not properly accounted for) when velocity constraints similar to
those for sli: gshot on AS-507 are necessary.

10.3 NAVIGATION AND GUIDANCE SCHEME EVALUATION

The flight program minor loop detected apparent error conditions twice
during the mission at 36.6 seconds and 10,023.6 seconds. However, the
natures of the conditions were different. In the first, a Y (pitch) fine
gimbal angle reading exhibited a change between successive minor ioops of
2.815 degrees. The maximum reasonable change for the minor loop pitch
reading is 0.4 degree. The reading was, therefore, rejected and the
preceding reasonable pitch gimbal value was used for attitude error
calculations in the minor loop. No disagreement between the two pitch fine
gimbal angle counters was detected. The subsequent readings were reason-
able. The reading did not represent vehicle motion; the true nature of the
change is not known. The most probable explanation is an electrical
transient occurring during the sampling function. An examination of the
mechanism is in progress.
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At 10,023.6 seconds following entry into Tg, an unexpected zero reading
was encountered in the Z (yaw) gimbal angle. This was caused by two
cuccessive zero gimbal readings while the minor-loop Chi and Theta (about
that axis) differed by more than 0.06 degree. The zero readings were the
result of proper hardware functions. However, the limit of 0.06 degree

is a boost setting for use during active Thrust Vector Control (TVC).

It replaced the orbital coast value of 1.2 degrees at Tg -9 seconds during
the conversion to boost routines in preparation for second burn. At the
time of the error indication, the vehicle attitude was being controlled
with the APS, and the vehicle was drifting in the system null region.
Since the attitude error exceeded 0.06 degree with no change in the gimbal
reacings, the zero gimbal reading occurred and caused the minor loop error
telemetry. System operation was unaffected. The coast limit of 1.2
degrees should be continued until the boost period is entered.

The active guidance phases start and stop times are given in Table 10-9.
The rate-limited attitude commands for S-IVB first bum are given in
Figure 10-5. The actual from predicted differences were attributed to
variaticns in flight environment and performance. The corresponding
attitude commands for S-IVB second burn are given ir Figures 10-6 and 10-7.
The differences in actuai from predicted values were due to slight naVIga-
tion errors and stage performance variations.

Orbital guidance events were accomplished satisfactorily. All S-IVB stage
first and second burn guidance parameters indicate satisfactory operation.
The orbital insertion conditions after S-1VB first burn are given in
}ab}e 10-}?. The TLI parameters after S-IVB second burn are given in

able 10-11.

10.4 GUIDANCE SYSTEM COMPONENT EVALUATION
10.4.1 LVDGA and LVDC Performances

At 37.01 seconds, the flight program correctly detected a disagreement of
nine pulse counts in the A and B velocity accumulations from the Z (down-
range) accelerometer. The maximum allowable difference was two counts.
As a result, the flight program selected the accumulation nearer the
computed expected value (B counter). Subsequent readings exhibited no
disagreements and the A counter readings were used for the remainder of
the mission. The program reaction was proper and preventad the accumula-
tion of velocity from an unreasonable counter reading. The erroneous
accunulation in the Z accelerometer A counter could have been caused by
an electrical noise spike at the input to the LVDA.
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Table 10-8. OMPT/LVDC Navigation

State Vector Difference Summary

PARKING FREE DI FFERENCE TOTAL DIFFERCYCE T
PARAME TER . ! , RANSLUNAR
M| et e o] AR, |G | 00 MO | cemmcomy s | G | o s
. §l= +23 SECO% 23 SELOM
(MPT NINUS LVDC)| MINUS LVOC) KOMPT MINUS LVOC) ERRORS® T0 LUITIAL STATE TRACKING * os
VECTOR ERROR) MINUS LVDC
Range Tire, sec 700.0 9812.0 9812.0 9812.0 9812.0 9812.0 10,817.2 10,417.2
kg, meters -280 36,400 39,500 13,000 22,800 35,800 21,500 25,400
(ft) (-918.6) (119,622.6) (129,593) (42,650) (74,803) (117,454) (70,538) (€3,223)
Yg, metars 520 -1100 -1100 300 1300 -1000 -850 2030
(re) (1706) (~3609) (~3609) (984) (-4265) (~3280) (-2822) (8532
sly, meters -470 10,500 12,400 4900 7000 11,900 30,300 32,200
(re) (-1542) (34,442.8) (40,682) (1607) (22,966) (39,042) (101,378) (105,£43)
g, /8 -1.04 -12.66 -12.97 -3.75 -1.57 -1.32 -33.19 -22.53
{ft/s) {-3.41) (-41.54) (-42.55) (-12.3) (-24.84) (=37.14) (-108.9) {+93.63)
Sige M8 1.73 1.17 1.22 0.4 9.92 1.27 -0.77 0.92
o L) (5.68) (3.84) (40.0) (1.4) (2.72) (4.17) (-2.5) {0.37)}—
22g, Tl -1.3 41.4) 4.37 16.09 25.84 41.93 18.91 16,38
(ftss) {-4.30) (135.86) (147.5) (52.79) (84.78) (137.57) {62.04) (55.71)
gy WS -0.70 -0.8} -0.10 0.80 -0.2 0.59 5.7 -3.76
(ft/s) (-2.30) (-2.66) (=0.32) {2.6) (-0.69) (1.94) (-18.7° (e15,52)
*.s1ng uncorrected 0PT at 700 seconds.
*v'sing corrected 0'PT at 700 seconds.
Table 10-9. Start and Stop Times for !GM Guidance Commands
: STEERING MISAL IGNMENT
EVENT * 1GM PHASE ARTIFICIAL TAU CORRECT] .4 TERMINAL GUIDANCE CH1 FREEZE
-(SEC) {SEC) (SEC) {SEC) (SEC)
‘ Start Stop Start Stop Start Stop Start Stop Start * Stop
First Phase [GM 202.50 487.3 - - 222,18 - - - - -
Second Phase IGM 487,31 559.53 487. 0 498.68 - 550.99 . - - -
Third Phase I1GM 559,53 685.94 559,53 568.78 566.9% 685.94 §60.40 685,94 685,94 695, 76™
Fourth Phase IGM 16,048.18 | 10,146,07 - - 10,058, 80 - - - - -
Fifth Phase 1GM 10,146.07 | 10,381.84 10,146.07 10,148.98 10,381.84 10,354.30 10,381.84 10,381.84 10,384.12 **
* A1l times are for the start of the comr .atic. cycle in which the event occurred.
** Seart ortital timeline. ’
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Figure 10-6. Pitch Attitude Angles During S-1VB Second Burn

Launch vehicle digital computer Error Monitor Register bits 1 and 15 were
set during the mission representing disagreements between TMR logic channel.
signals of specific logic functions. Processed telemetry data indicates
the following Error Monitor Register conditions:

CASE ERROR MONITOR REGISTER PERIOD (Seconds)
1 15 17,882.5 to 21,222.5
15and1 21,222.5 to 22,933.5
1 22,933.5 to (not defined)
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Figure 10-7. Yaw Attitude Angles During S-IVB Second Burn

Telemetered Error Monitor Register and Error Time Word (ETW) analysis
indicates two failure points, one associated with data transfer from the
LVDC to the LVDA, and a second associated with data address control for
each logic signal. An open circuit failure mode was assumed, was effected
in the laboratory by interrupting one of the TMR interface lines between
the LVDC and LVDA, and was simulated by executing a digital simulation of
the AS-507 mission from approximately 13,852 to 13,909 seconds.
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Table 10-10.

Parking Orbit Insertion Parameters

o | e || e | e
Space-Fixed Velocity m/s 7793.0 7792.5 -0.5 7793.1 0.3
(ft/s) (25,567.6) (25,565.9) (-1.7) (25,567.9) (0.3)

Flignt Path Angle, deg 0.0001 -0.014 -0.0141 -0.0003 -0.0004
wescending Node, deg 123.146 123.126 -0.020 123.1.) 0.0
Inclination, deg 32.545 32.540 -0.005 32.545 0.0
Eccentricity 0.000064 0.00032 0.000316 0.00002 0.000016

The resultant ETW and Error Monitor Register data decodes were identical
to those observed in flight data. During simulation the logic signal
disagreements were sensed at the same program instruction address points
in the minor loop, data output, interrupt enabie, .nd interrupt processor
routines.

The signal paths between the LVDC and LVDA and the logic circuits within
the LVDC/LVDA that are associated with the error conditions discussed
above are triple redundant. Therefore, no degraadation of the LVDC/LVDA
function occurred.

10.4.2 Ladder Qutputs

The ladder networks and converter amplifiers performed satisfactoriiy. No
data have been observed that indicate an out-of-tolerance condition between
Chanrel A and the reference channel converter-amplifiers.

10.4.3 Telemetry Outputs

Analysis of the available LVDA telemetry buffer and flight control computer
attitude error plots indicated symmetry between the buffer outputs and the
ladder outputs. The available LVDC power supply plots indicate satis-
factory power supply perfomance. The H60-603 guidance computer telemetry
was completely satisfactory.

10.4.4 Discrete Outputs

No valid discrete output register words (tags 043 ard 052) were observed
to indicate guidance or simultaneous memory failure.

10.4.5 Switch Selector Functions

Switch selector data indicate that the LVDA switch selector functions were
performed satisfactorily. No error monitor words were observed that
indicate disagreement in the TMR switch selecto register positions or in
the switch selector feedback circuits. No mode code 24 wards or switch
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Table 10-11. Translunar Injection Parameters

OPERATIONAL TRAJECTORY LvOC
FARAMETER TRAJECTORY (OT) omeT MINUS OT Lvbc MINUS OT
Space-Fixed Velocity m/s 13,788.4 10,786.8 -1.6 10,792.3 3.9
(ft/s) (35,395.0) (35,389.8) (-5.2) -35,407.8) (12.8)
Descending Node, dej 120,37 120.338 -0.033 120.376 0.008
Inclination, deg 30.33¢ 30.355 0.019 30.343 0.007
Eccentricity 0.97066 0.96966 -0.00100 0.97081 ¢.00015
Cq, mé/st -1,773,597 -1,838,425 -60,828 -1,768,879 8718
(ft2/s2) (-19,090,839) (-19,745,586) | (-654,787) |[(-18,996,999) | (53,840)

selector feedbeck words were observed that indicated a switch selector

feedback was in error.

In addition, no indications were observed to

suggest that the B channel input gates to the switch selector register
positions were selected.

10.4.6 ST-124M-3 Tnertial Platform

The inertial platform system performed as designed.
temperature feil below specifications; however, there are no indications

of degraded inertial perfornance.

The inertial gimbal

The temperature went below the minimum

specification of 313.15°K (104.0°F) at about 8600 seconds and leveled off
at 312.59°K (103.0°F) close to the value seen on previous flights.

An apparer’ Y (crossrange) velocity change of 1.1 m/s (3.6 ft/s) at 0.1
second was probably caused by asymmetric sampling of an oscillating

accelerometer being driven by 1liftoff vibration.

accelerometer head contact with a mechanical stop.

There is no evideace of

After Command and S ‘rvice Module {CSM) separation (after 15,500 seconds),

the environmental cortrol parameters exhibited abnormal behavior.
was attributed to the open IU receiving incident solar radiation.

This

None of the above abnormalities affected the inertial platform or its

performance.
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SICTICN 11
CONTROL AN[i SEPARATION

11.1  SUMMARY

The AS-507 control system, which was essentially the same as that of AS-506,
performed satisfactorily. The Flight Control Computer (FCC), Thrust Vector
Control (TVC), and Auxiliary Propulsion System (APS; satisfied all require-
ments for vehicle attitude control during the flight. Bending and slosh
dynamics were adequately stabilized. The prelaunch programed yaw, roll,

and pitch maneuvers were properly executed during S-IC boc' t.

During the maximum dynamic pressure region of flight, the launch vrhicle
experienced winds that were less than 95-percentile November winds. The
maximum average pitch and yaw engine deflections were the result of wind
shears.

S-IC/S-11 first and second plane separations were accomplished with no
significant attitude deviations. Related data indicate that the S-iC
retromotors performed as expected. At Iterative Guidance Mode (IGM)
initiation, a pitchup transient occurred similar to that seen on previous
flights. During the eariv portion of S-II burn, the outboard engines were

required to -~ompense* r a yaw thrust vector misalignment of the center
engine. Foll. cngine Cutoff (CECO) there was a change in yaw
attitude due to t .« 1n trim conditions, S-I[/S-IVB separation

occurred as expectec ..ithout producing any significant attitude deviations.
The S-11 retromotors and S-IVB ullage motors performed as expected.

Satisfactory control of the vehicle was maintained during first and second
S-1VB burns and during coast in Earth Parking Orbit (EPO). During the
Command and Service Module (CSM) separation from the S-1VB/IU and during
the Transposition, Docking and Ejection (TD&E) maneuver, the control system
maintained the vehicle in a fixed inertial attitude to provide a stable
docking platform. Following TD&, S-IVB/IU attitude control was maintained
during the evasive meaeuver, the maneuver to slingshot attitude, and the
LOX dump and APS burns.

11.2 S-IC CONTROL SYSTEM EVALUATION
The AS-507 control system performed adequately during S-IC powered flight.

The vehicle flew through winds which were less than 95 percentile for
November in the maximum dynamic pressure region of flight. Less than 10
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percent of the available engine deflection was used throughout flight
(ba<ed on average engine gimbal angle). S-IC outboard engine cant was
accomplished as planned. .

A1l dynamics were within vehicle capability. In the region of high dynamic
pressure, the maximum angles-of-attack were 2.1 degrees in pitch and 1.3
degrees in yaw. The maximum average pitch and yaw engine deflections were
0.3 cegree and 0.4 degree, respectively, in the maximum dynamic pressure
region. Both deflections were due to wind shears. The absence of any
divergert bending or slosh frequencies in vehicle motion indicated that
bending and slosh dynamics were adequately stabilized.

Yehicle attitude errors required tc trim out the effects of t'rust imbal-
ance, thrust misalignment, and control system misalignments were within
predicted envelopes. Vehicle dynamics prior to S-IC/S-1I first-plane
separation were within staging requirements. '

11.2.1 Liftoff Cleerances

The launch vehicle cleared the mobile launcher structure within the avail-
able clearance envelopes. Camera data showing 1iftoff motion were not
available for the AS-507 flight, but simulations with flight data show
that less ti..~ 10 percent of the available clearance was used. The ground
wind was from the west with a magnitude of 6.8 m/s (13.3 knots) at the
18.3 meter (60 ft) level, ‘

The predicted and measured misalignments, slow release forces, winds, and
the thrust-to-weight ratio are shown in Table 11-1.

11.2.2 S-IC Flight Dynamics : .

Maximum control parameters during S-IC bum are listed in Table 11-2.
Pitch, yaw and roll plane time histories during S-IC boost are shown in
Figures 11-1, 11-2, and 11-3. Dynamics in the region between 1iftoff and

- 40 seconds result primarily from guidance commands. Between 40 and 110
seconds, maximum dynamics were caused by the pitch tilt program, wind
magnitude, and wind shears. Dynamics from 110 seconds to S-IC/S-II separa-
tion were caused by high altitude winds, separated air flow aerodynamics,
center engine shutdown, and tilt arrest. The transient at CECO indicates
that the center engine cant was 0.13 degree in pitch and yaw. :

At Vutboard Engine Cutoff (DECO), the vehicle had attitude errors of -0.2,
-0.2, and -0.1 degree in pitch, yaw, and roll, respectively. These errors
are required tc Lrim out the effects of thrust imbalance, offset Center
of Cravity (CG), thrust vector misalignment, and control system misalign-
ments. The maximum equivalent thrust vector misalignments were -0.15,
0.02 and 0.05 degree in pitch, yaw, and roll, respectively.



Table 11-7. AS-507 Misalignment Surmary
PREFLIGHT PREDICTED LAUNCH
PARAMETER
PITCH YAW ROLL PITCH YAN ROLL

Thrust Misalignment, $0.34 +0.34 +0.34 -0.15 0.024 0.047
deg* '
Center Engine Cant, - - - 0.128 0.128 -
deg
Servo Amplifier +0.1 0.1 $0.1 - - -
Offset, deg/eng
Vehicle Stacking and +0.29 $0.29 0.0 -0.12 -0.06 0.0
Pad Misalignment,
deg
Attitude Error at - - -0.14 -0.06 -0.17
Holddown Arm
Release, deg
Peak Slow Release 415,900 (93,300) w

Farce Per Rod,
N {1bf)

Wind

Thrust to Weight
Ratio

14.4 m/s (28 knots)
at 18.3 meters
(60 feet)

1.191

6.8 m/s (13.3 knots)
at 18.3 meters
(60 feet)

1.214

*Thrust m'salignment of 0.34 degree encompasses the center engine cant.
A positive polarity was used to determine minimum fin tip/umbilical tower

clearance.

Equipment (GSE) clearances.

**Data not available.

A negative polarity was used to determine vehicle Ground Support
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Table 11-2. Maximum Control Parameters During S-IC Burn

PITCH PLANE | YAW PLANE ROLL PLANE

PARAMETERS UNITS RANGE ZANGE RANGE
MAGNITUDE | TIME | MAGNITUDE TIME | MAGNITUDE | TIME
(SEC) (SEC)
Attitude Error deg 1.09 83.0 -1.05 3.9 -1.13 |an
Angular Rate deg/s -1.05 85.3 0.53 5.2 1.54° | 14,8
Average Gimbal deg 0.31 12.2 -0.39 3.9 0.6 | 12.4
Angle
Angle-of-Attack deg -2.07 68.5 -1.48 57.7 - -
Angle-of-Attack/ |  deg-N/cmé 5.72 68.5 4.02 78.0 - -
Dynamic Pressure
Product
Normal m/s? -0.407 84.3 0.281 14.9 - -
Acceleration

There was no significant sloshing observed. The engine response to the
observed slosh frequencies showed that the slosnh was well within the
capabilities of the control system.

The normal accelerations observed during S-IC burn are shown in Figure 11-4.
Pitch and yaw plane wind velocities and anglez-of-attack are shown in

Figure 11-5. The winds are shown both as deteimined from balloon and
rocket measurements and as derived from the vehicle Q-ball.

11.3 S-I1 CONTROL SYSTEM EVALUATION

The S-11 stage attitude control system performance was satisfactery.
Analysis of the magnitude of modal components in the engine deflections
revealed that vehicle structural bending and propellant sloshing had
negligible effect on control system performance. The maximum values of
pitch and yaw control parameters occurred in response to CECO. The
maximum values of roll control parameters occurred in response to S-1C/S-II
separation disturbances. Tne control responses were within expectations.

Between the events of S-IC OECO and initiation of IGM, the vehicle atti-
tude commands were held constant. Significant events occurring duriag
this interval were S-IC/S-11 separation, S-II stage J-2 engine start,
second plane separatior, and Launch Escape Tower ?LET) jettison. tThe
attitude control dynamics throughout this interval indicated stable
operation as shown in Figures 11-6 through 11-8. Steady-state attitudes
were achieved within 20 seconc. from S-IC/S-II separation. The maximum
control parameter values for the period of S-II bum are shown in

Table 11-3.
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Table 11-3.

Maximum Control Parameters During S-II Boost Flight

PITCH PLANE YA PLANE ROLL PLANE
PARAMETER UNITS | magniTuuE | RANGE TIME | WAGNITUDE | RANGE TIME |  mAGNITLGE | RANGE T
(SEC) (SEC) {SEC) {
Rttitize Error deg 18 47 0.5 510 1.3 165 ]
Attitude Rate deg ‘s 3.8 an -0 362 1.7 166
fverage Gimbal deg -C.9 209 -0.2 464 -1.3 166
Angle
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At IGM initiation, the TVC received FCC commands to pitch the vehicle

up. During IGM, the vehicle pitched down at a constant commanded rate of
approximately -0.1 deg/s. The transient magnitudes experienced at IGM
initiation were similar to those of previous flights.

During the first portion of the burmn the vehicle trimmed with a yaw
attitude error of 0.2 degree. This trim condition was required to balance
the thrust vector misalignment of the center engine as well as other
contributors. The center engine was not precanted to compensate for
compliance deflection, and because of the location of the fixed links, this
compliance effect occurred in the yaw plane. Following CECO, a new steady-
state trim attitude error of -C.3 degree was established with a transient
peak of -0.5 degree at 510 seconds. The deflections of the outboard
engines in yaw at this time were the result of the change in trim conditicns.
The engine deflections in pitch were the result of a pitchup guidance
command.

Simulated and fiight data for pitch, yaw, and roll plane dynamics are
compared in Figures 11-6, 11-7 and 11-8, respectively. The major differ-
ences are as follows: Steady-state yaw attitude error caused by early
CECO which reflects a higher compliance than predicted for the cer‘er
engine; initial transients in the roll axis which could be attributed to
uncertainties in thrust buildup of the J-2 engines; and steady-state
attitude errors caused by engine location misalignments and thrust vector
misalignments.

11.4 S-IVB CONTROL SYSTEM EVALUATION

The S-IVB TVC system provided satisfactory pitch and yaw control during
powered flight. The APS provided satisfactory roll control during first
and second bums.

Control system transients at S-II/S-IVB separation and during S-IVB first
and second burns at guidance initiation, Engine Mixture Ratio (EMR) shift,
chi bar guidance mode, and J-2 engine cutoff were experienced as expected
and were within the capabilities of the control system.

11.4.1 Control System Evaluaticn During First Burn

The S-IVB first burn attitude control system response to guidance commands
for pitch, yaw and roll are presented in Figures 11-9, 11-10 and 11-11,
respectively. The maximum attitude errors and rates occurred at IGM
initiation. A summary of maximum values of the critical flight control
parameters during S-IVB first burn is presented in Table 11-4,
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Figure 11-9. Pitch Plane Dynamics During S-IVB First Burn

The pitch and yaw effective thrust vector misalignments during first bum
were 0.28 and -0.23 degree, respectively. A steady-state roll torque of
8.5 N-m (6.3 1bf-ft), clockwise looking forward, required roll APS firings
during first bum. The steady-state roll torque experienced on previous
flights has ranged between 61.4 N-m (45.3 1bf-ft) counterclockwise and
54.2 N-m (40.0 1bf-ft) clockwise.

PITCH ACTUATOR
POSITION (POSITIVE

11.4.2 Control System Evaluation During Parking Orbit

The coast attitude control system provided satisfactory orientation and
stabilization of the vehicle in parking orbit. Pitch plane attitude
control parameters during the maneuver to local horizontal following S-1VB
first cutoff are shown in Figure 11-12. The maneuver to local horizontal
was the only maneuver during parking orbit.
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Table 11-2, Maximum Control Parameters During S-IVB First Burn

PITCH PLANE YA PLANE ROLL PLANE
PARNNC 1. WITS lacnituoe | mawce TiMe | mackiTupe | rawe TIME MAGNITUDE | RANGE TIME
(SEC) (SEC) (SEC)
Attitude Error deg 2.7 $63.0 -0.85 566.8 130 580.0
Angular Rate deg/s -1.50 564 . ¢ -0.18 564.0 -0.80 558.0
Actuator Position degy 1.50 562.4 -0.60 565.3

0 W INITIATE MANEUVER TC LOCAL HORIZONTAL
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Figure 11-12. Pitch Plane Dynamics During Coast in Parking Orbit

11.4.3 Control System Evaluation During Second Bumn

The S-IVB second burn attitude control system response to guidance commands
for pitch, yaw and roll are presented in Figures 11-13, 11-14 and 11-15,
respectively. The maximum attitude errors and rates cccurred at guidance
initiation and EMR shift. A summary ¢f maximum values ¢f the zritical
flight control parameters during S-IVB second burn is presented in

Table 11-5.

The pitch and yaw effective thrust vector misalignments during second bumn
were approximateiy 0.38 and -0.32 degree, respectively. The steady-state
roll torque during second burn ranged from 18.2 N-m (13.4 1bf-ft), clock-
wise looking forward, at the 4.5:1.0 EMR shift to 19.0 N-w (i4.0 1bf-ft)
at the 5.0:1.0 EMR shift.
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Figure 11-13. Pitch Plane Dy.amics During S-IVB Second Burn
11.4.4 Control System Evaluation After %-IVB Second Bum

The coast attitude control system proviced satisfactory orientation and
stabilizatior from S-IVB second cutoff through the last data available.
Pitch, yaw, and roll control for spacecraft separation are shown in
Figure 11-16 and for spacecraft docking ir Figure 11-17. Yaw control
during the evasive maneuver is shown in Figure 11-18. Figure 11-19

shows pitch and yaw control for the maneuver to slingshot attitude. APS
propellant usage for attitude control was less than the predicted nominal

usage.
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Figure 11-14. Yaw Plane Dynamics During S-IVB Second Burn
11.5 SEPARATION

S-1C/S-11 separation and associated sequencing were accomplished as planned.
Dynamic conditions at separation were within staging limits. Rate gyros
and accelerometers located on the Instrument Unit (IU) showed no disturb-
ances, indicating a clean severance of the stages. Data from the Exploding
Bridge Wire (EBW) firing unit indicate that S-IC retromotor ignition was
accomplished. The S-II ullage motors performed as predicted. Since there
were no cameras on the S-II stage, calculated dynamics of the interstage
and the S-I1I stage were used to determine if second plane separation was
within the staging requirements.
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Table 11-5. Maximum Control Parameters During S-IVB Second Burn
PITOH PLANE YA PLANE ROLL PLANE
PARMETER UNITS | magniTuoe | mamce T | maaniTuoe | mawee e | meemtTuoe | mawse T
{SEC) (SEC) (SEC)
Attitude Error deg 2.0 10,052.3 2.0 10,152.2 0.8 10,357.0
Angular Rate deg/s 0.9 10,053.8 -1.4 10,055.1 0.3 10,153.5
Actustor Position deg 1.10 10,052.2 -1.60 10,056.8 - -

The S-II retromotors and the S-IVB ullage motors performed satisfactorily
and provided a normal S-I11/5-1VB separation.
tion were within staging limits with separation conditions similar to those

observed on previous flights.

Separation of the CSM from the LV was accomplisned as planned.

no large control disturbances noted during the separation.

Dynamic conditions at separa-

Thare were
The attitude of

the LV was adequately maintained during thc docking of the CSM with the

Lunar Module (LM;.

the LV.
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The CSM/LM was then successfully spring ejected from
There were ro significant control disturbances during the ejection.
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SECTION 12
ELECTRICAL NETWORKS AN EMERGENC/ DETECTION SYSTEM

12.1  SUMMARY

The AS-507 launch vchicle electrical systems and Emergency Detection
System (EDS) performec satisfactorily throughout all phases of flight
except during S-IVB restart preparations. During this time the S-IVB
stage eiectrical sysiems did not respond properly ‘o bdurner LOX shut-
down valve "CLOSE" and telemetry calibrite "ON" commands from the S-IVB
switch selector. Both of the command failures were isolated to inter-
mittent conditions in a bus module (404A3A29) or the associated mating
connector (404A3W1P29) located in the S-IVB sequencer. Operation of the
batteries, power supplies, inverters, Exploding Bridge Wire (EBW) firing
units and switch selectors was nommal.

12,2 S-IC STAGE ELECTRICAL SYSTEM

The tattery voltages remained well within performance limits of 26.5

to 32.0 vdc during powered flight. Baticry currents were near predicted
and below the maximum 1imit of 64 amperes for each battery. Battery
power ccasumption was well within the rated capacities of the batteries
as shown in Table 12-1.

Tabie 12-1. S5-IC Stege Battery Power Ccnsumption

POWER CONSUMPTION*

RATCD PERCENT
BUS CAPACITY OF

BATTERY DESIGNAT.ON (AMP-MIN)| AMP-MIN | CAPACITY
Operational « 1D10 640 27.0 4.2
Instrumentation 1020 ' 640 5.6 13.4

*Battery puwer consumptions were calculated from power transfer
until S-IC/S-I scparation.
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The two measuring power supplies remained within the 5 +0.05 vdc design
limit.

A11 switch selector channels functicned correctly, and all outputs were
issued within their required time limits in response to commands from

the Instrument Unit (IU).

The separation and retromotor EBW firing units were armed and triggered
as programed. Charging times and voltages were within predicted time
and voitage limits.

The command destruct EBW firing units were in the required state of
readiness if vehicle destruct became necessary.

2.3 S-1I STAGE ELECTRICAL SYSTEM

A1l battery voltages remained within specified limits throughout the
prelaunch and flight periods, and bus currents remained within required
and predicted limits. Main bus current averaged 36 amperes during S-IC
boost and varied from 47 to 55 amperes during S-II boost. Instrumentation
bus current averaged 23 amperes during S-IC and S-II becost. Recircula-
tion bus current averaged S8 amperes during S-IC boost. Ignition bus
current averaged 29 amperes during the S-II ignition sequence. Battery
power consumption was well within the rated capacities of the batteries

as shown in Table 12-2.

The five temperature bridge power supplies, the three 5-vdc instrumentation
power supplies and the five LHp recirculation inverters all performed
within acceptable limits.

Table 12-2. S-II Stage Battery Power Consumption

BUS RATED |POWER CONSUMPTION*] TEMPERATURE
DESIG- | CAPACITY PERCENT OF
BATTERY NATTON | (AMP-HR)|AMP-HR | CAPACITY MAX MIN
Main 2011 35 7.76 22.2 97.0°F | 87.0°F
Instrumentation| 2021 35 3.78 10.8 88.0°F | 84.0°F
Recirculation 2D51 30 5.78 19.3 88.5°F | 82.0°F
No. 1
Recirculation 2D51 30 5.82 19.4 87.0°F { 81.0°F
No. 2 and
2061
*Power consumption calculated from -50 seconds.
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A1l switch selector channels functioned correctly, and all outputs were
issued within their required time limits in response to commands fiom
the IU.

Performance of the EBW circuitry for the separation system was catis-
factory. Firing units charge and discharge responses were within
predicted time and voltage limits. The cominand EBW firing units were
in the required state of readiness if vehicle destruct became necessary.

12.4 S-]1VB STAGE ELECTRICAL SYSTEM

The voltages and currents of the three 28-vdc batteries and one 56-vdc
battery stayed well within acceptable Timits as shown in Figures 12-1
through 12-4, Battery temperatures remained below the 120°F limits for
the powered portion of the flight. (This limit does not apply after
insertion into orbit.) The righest temperature of 111°F was reached on
Aft Battery No. 2, Unit 1, after 5-IVB first burn cutoff. Battery power
consumption is shown in Table 12-3.

The three 5-vdc excitation modules operated as expected. The seven
20-vdc excitation modules performed within acceptable limits. The LOX
and LH, chilldown inverters performed satistactorily and met their load
requirements.

Performance of the EBW circuitry for the separation system was satis-
factory. Firing units charge and discharce responses were within
predicted time and vcltage limits. The ccrmmand EBW firing units were

in the required state of readiness if vehicle destruct became necessary.

The switch selector functioned correctly and all IU commands were properly
executed, except as noted ia the following paragraphs.

Table 12-3. S-IVB Stage Battery Power Consumption

RATED POWER CONSUMPTION**
CAPACITY PERCENT OF
BATTERY (AMP-HRS)* AMP -HRS CAPACITY
Forward No. 1 300.0 144.4 48.1
Forward No. & 24.75 26.0 107.3
Aft No. 1 300.0 104.2 34.7
Aft No. 2 75.0 36.9 49 .1
*Rated capacities are minimum guaranteed by vendor.
**Actual usage to 43,980 seconds (12:13:00) is based on fliyht
data.
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At 9965.7 seconds {2:46:05.7) the burner LOX shutdown valve "CLOSE"

command was sent trom the S-IVB switch selector; however, tne valve did
not close. A subseouent ground command successfully closed the valve

at 10,554.2 seconds (2:55:54.2). (See paragraph 7.6 for propulsion

system effects.) Also, at 3864.8 seconds (2:44:24.8) the CP1BO multiplexer
failed to responc when a telemetry calibrate "ON" command was sent from

the switch selector. The DP1BO multiplexer did respond. Both multiplexers
responded to a telemetry calibrate "ON" command at 10,472.8 seconds
{2:54:32.8).

Both of the command failures were isolated to intermittent conditions
in a common bus module (unit designation 404A3A29, MDAC P/N 1B57771) or
the associated mating connector (unit designation 404A3W1P29, Bendix
P/N S0286E-22-55S) located in the sequencer of the S-1VB aft skirt.
These command circuits are shown in Figure 12-5. Further analysis
indicated that the intermittent conditions were probably caused by a
recessed socket or a missing socket retention spring in the 404A3W1P29
harness connector.
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o ‘:. Coli 74 ” SwiTCR SELEITDE
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igure 12-5. Burner LOX Shutdown Valve "CLOSE" and TLM Calibrate
"ON" Command Circuits
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Tests are being conducted on similar bus modules and mating connectors
to provide additional informatior. as to the possible cause of the
intemittent condition.

12.5 INSTRUMENT UNIT ELECTRICAL SYSTEM

A1l battery voltages and temperatures increased gradually from 1iftoff

as expected. Voltages and currents remained normal on batteries 6D10

and 6D30 during launch and coast periods of flight. Battery 6D40 voltage
and current remained in the nomal range throughout the expected period
(predicted lifetime for battery 6D40 was 38,160 seconds [10:3€:00]). The
6D40 battery indicated a gradual voltage drop beginning at approximately
30,000 seconds (8:20:00) with a more rapid drop beginning at 36,000 seconds
(10:00:00). The voltage level fell below the nominal range (28 +2 vdc) at
approximately 39,300 seconds (10:55:50) indicating impending failure of
battery 6D40. The dropping voltage was accompaniea by a rising current
until 39,900 seconds {11:05:00) at which time the current also began a
rapid decrease. Battery power consumption and estimated depletion times
are shown in Table 12-4. Battery voltage, currents and temparatures are
shown in Figures 12-6 through 12-8.

The 56-vdc power supply maintained an output voltage of 55.7 to 56.7 vdc,
well within the required toierance of 56 +2.5 vdc.

The 5-vdc measuring power supply performed nominally, maintaining a
constant voltage within specified tolerances.

The switch selector, electrical distributors, and network cabling
performed nominally.

Table 12-4. IU Battery Power Consumption
RATED POWER CONSUMPTION* ESTIMATED
CAPACITY PERCENT OF LIFETIME
BATTERY (AMP-HRS) AMP -HRS CAPACITY (HOURS)
6D10 350 261.3 74.7 16.2*
6030 350 223.9 64.0 17.9*
6D40 350 403.5 115.3 10,9%*
*Based on available flight data to 43,980 seconds (12:13:00).
**Battery 6D40 fell below the nominal range (28 2 volts) at
this time.
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Figure 12-8. Battery 6D40 Voltage, Current and Temperature
12.6 SATURN V EDS

The performance of the AS-507 EDS was normal and no abort limits were
exceeded. EDS related sequential events and discrete indications
occurred as expected. The performance of all thrust OK sensors and
associated voting logic, which monitor engine status, was nominal insofar
as EDS operation was concerned. S-II and S-IVB tank ullage pressures
remained wiihin the abort limits and displays to the crew were normal.

The maximum angle-of-attack dynamic pressure sensed by a redundant
Q-ball mounted atop the escape tower was 0.9 psid at 42 seconds. This
pressure was only 28 percent of the EDS abort limit of 3.2 psid. As
noted in Section 11, none of the tripie redundant rate gyros gave any
indication of angular overrate in the pitch, yaw or roll axes. The
maximum angular rates were well below the ab.rt limits.
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SECTION 12A
TRIGGERED LIGHTNING PHENOMENON

12A.1  SUMMARY

The Apollo 12 vehicle was launched in rainy weather after considera-

tion of Launch Mission Rule 1-404, as shown on Table 12A-1. Shortly

after 36.5 seconds into the flight, there were numerous space vehicle
indications of a massive electrical disturbance, followed by a second
disturbance at 52 seconds. The astronauts reported that, in their opinion,
the vehicle had been hit by lightning.

Data in the 36.5- and 52-second time periods were investigated regarding
this problem. Camera data, telemetered data, and Launch Vehicle Data
Adapter/Launch Vehicle Digital Computer (LVDA/LVDC) bit errors showed that
the .ehicle had been struck by lightning at 36.5 seconas. Virtually nc
discernable effects were noted on the launch vehicle during the 52-second
disturbance. Atmospheric electrical factors and the fact that the vehicle
does not have the capacitanc2 to store sufficient energy to produce the
effects noted indicate that the lightning discharge at 36.5 seconds was
triggered by the vehicle. The 52-second disturbance may have been due to
a lesser lightning discharge.

The Taunch vehicle hardware and software suffered no significant effects;

therefore, the mission proceeded as schedvled. There is no evidence of
vehicle pyrotechnics being endangered due to built-in protection in the

Table 12A-1. MSFC Launch Mission Rule 1-404

SEVERE WEATHER:

The vehicle will not be launched when its nominal flight o.th
will carry it through a cumulonimbus (thunderstorm) cluud

formaticn.

REMARKS :

The design of the Saturn V vehicle is such that it should not
be subjected to launch during thunderstorm weather conditions.

12A-1



circuitry. Some modification to present launch mission rules will be
required to preclude launching of the vehicle when the probability of
triggered lightning discharges is deemed unacceptable.

12A.2 REAL-TIME EFFECTS NOTED

Apollo 12 was the first Saturn vehicle launched in the rain. Weather
conditions at Taunch are described in Appendix A. It was decided to
Taunch after consideration of Launch Mission Rule 1-404 (see Table 12A-1)
regarding launch in severe weather. The rationale behind the Launch
Mission Rule is described in Table 12A-2.

Table 12A-2. MSFC Launch Mission Rule Background

SYSTEM BACKGROUND DATA:
SEVERE WEATHER

Thunderstorms can be critical to space vehicle ground operations
because high winds are to be expected in association with thun-
derstorms and because associated large electrical potential
gradients can create a safety hazard. These vehicle operational
problems are made even more complicated because there is no
known reliable method to predict (forecast) the maximum wind to
be associated with a thunderstorm. Therefore, statistical
methods are offered as techniques to determine the magnitude of
the problem in a probabilistic sense, to establish calculated
risk due to thunderstorm winds, and to form the basis for
establishing launch mission rules.

Thunderstorms are critical to vehicle launch because the Saturn
is not designed to fly through thunderstorms. Therefore, the
present launch mission rule, relative to vehicle launch in
thunderstorms, states: “The vehicle will not be launched when
its flight path will carry it through a cumulonimbus (thunder-
storm) cloud formation." The basis for this rule is that such
a cloud formation can be observed, and the rule can be objec-

tively applied.

12A-2



Shortly after 36.5 seconds into flight, it was repcrted tnat the fuel
cells in the Serv.ce Module (SM) were disconnected and that ail AC power
in the spacecraft was lost. Also, numerous indicator lamps were illumi-
nated at this time. It was later reported that the inertial measurement
unit orn the spacecrzft had lost its inertial reference at 52 seconds.

It was the cpinion of the astronauts that the vehicle had been hit by
lightning. Investigation of this problem centered on data in the 36.5
and 52-second time periods.

12A.3  CAMERA DATA INDICATIONS

Analysis of all available ¢ und camera data indicated that there were
two lightning discharges in the vicinity of tne launch pad during the
36.5-second time period. One discharge forked into two branches with
both branches apparently entering the ground. These lightning effects
were observed by three cameras and by the vidicon. Although camera
coverage was restricted due to tne low ceiling of 0.6 kilometer (2100 ft),
every tracking camera showed two bright frames during this time period.
The vidicon also showed brightness on several frames preceding those

on whick the lightning strokes were visible. Trajectory data (Section 4)
show that the vehicle at this time was at 1.95 kilometers (6397.6 feet),
in the clouds, and out of sight of the ground. A reconstruction of the
lightning phenomenon based cn camera analysis is shown in Figure 12A-1.

12A.4  LAUNCH VEHICLE DATA SYSTEM INDICATIONS

| ‘unch vehicle telemetered data were examired in detail in the 36.5- and
52-second time periods to determine effects that could be attributed to
lightning or a static discharge. Forty-five measurements in the Instru-
ment Unit (IU) experienced a disturbance in the 36.5-second time period.
S-1VB data systems experienced disturbances at this time on all 15 single
sideband telemetry channels and on 45 Pulse Code Modulated (PCM) data
samples. Three vibration measurements on the S-II stage were also affected
at this time with one disturbance noted on the 5-IC. At 52 seconds a
disturbance was noted on one S-II vibration measurement. A1l of the dis-
turbances notec were transients of variable amplitudes. No pattern was
apparent either in geographical location or in the magnitude of the dis-
turbance other than most measurements affected being located on the upper
two stages of the vehicle (IU and S-IVB). There was no damage or subse-
quent data degradation noted. The nature and randomness of the transients
are characteristic of effects caused by a massive external electrical
disturbance such as lightning.

12A..  1U LVDA/LVDC INDICATIONS
At approximately 36.6 seconds the LVDA pitch gimbal crossover counters

indicated a cfange in excess of the acceptable 0.4-degree limit. At 37.01
seconds, bit . in mode code 24 of the LVDC was also set because redundant

12A-3



BOLT ¢ 2A

DURATION: LESS THAN 8 MS

STRIKE: 50 YARDS SOUTH Of
S.W. CORNER OF
LAUNCH PLATFORM

BOLT ¢ )

OURATION: 8 TO 80 MS
STRIKE: 30 YARDS NURTH OF
N. M. CORNER OF
LAUNCH PLATFORM

DURATION: LESS THAN 8 MS

STRIKE: 50 YARDS SOUTH OF
S.E. COPNER OF LAUNCH
PLATFORM

Figure 12A-1. Artist Concept of Lightning Phenomencr at 36.5 Seconds

12A-4



accelerometer counters differed by 9 counts (maximum allowable difference
is 2 counts). In both instances, the erroneous impulses are indicative
of a strong external electrical disturbance. Subsequent operation was
normal. A more complete discussion of these performance variations is
conta’ned in Section 10.

12A.6 VEHICLE PYROTECHNICS

There is no evidence tnat vehicle pyrotechnics were endangered by the
lightning discharge. The pyrotechnics normally are fired by discharging
capacitors in the Exploding Bridge Wire (EBW) networks. These capacitors
are nomally uncharged and requive 1.0 to 1.5 seconds to be charged to
operating voltages. When operating voltage is attained, the devices still
will not fire until a special trigger signal is received. If the trigger
signal is nut received, the capacitor charge is leaked to a safe value
within 15 seconds. Since duration ¢f lightning is normally less than

0.1 second and since the system must be electrostatically shielded to
provide protection against Radiofrequency Interference (RFI) to meet
specification requirements, the probability of spurious ignition of the
EBW's is remote.

12A.7 SUPTURTING ATMOSPHERIC ELECTRICAL EVIDENCE

Discussions with authorities knowledgeable in the field of atmospheric
electricity provided the following additional information relevant *-
the Apollo 12 lightning problem:

a. Lightning discharges can be triggered by structures distorting a
field of high potential gradient in the atmosphere. In this context,
a triggered lightning discharge is one where the presence of a struc-
ture causes the discharge to occur as opposed tc a natural discharge.

b. Potential gradients of sufficient strength to induce lightning dis-
charges can exist in clouds other than cumulonimbus clouds.

c. The lightning discharge is preceded by a leader that may not be
visible. These leaders occur within 0.1 second of the lightning
discharge according to available evidence. However, large elec-
trical charges are built up during the time prior to development
of the leader. When branching is observed in a lightning discharge,
the branches always point in the direction of propagation of the
lighuning.

d. A laboratory test demonstrated that a charged capacitor discharges
over a much greatei distance in the presence of a flame. This
experiment substantiates the theory that the Apollo 12 flame plume
contributed to the discharge.
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The data do not indicate whether the discharge started at the top
of the vehicl~ and then went down the plume cor if it started at the
top of the pluwe and traveled both ways. In either case, the elec-
trical disturbance effect on Apolio 12 would have been the same.
However, the charge at the top of the plume .s near neutral, and
the enhancement factor associated with radius of curvature of the
“Q" ball indicates that the probability is high that the discharge
occurred to the top of the vehicle.

To produce the effects noted on Apollo 12, the energy level due to static
charge must have exceeded 10 joules and could have been as high as 108
joules. Energy levels due to static charges on the Apollo Saturg vehicle
from atmospheric effects and from flame ef‘:cts must be below 10¥ joules
because of the relatively small capacitance of the vehicle and leaking of
of charge down the plume.

Potential gradient measuring systems at KSC showed the existence of
a high potential gradient on the ground, thereby indicating high
clectrical activity in the clouds. No evidence of natural lightning
discharges in the local area was recorded on other instrumentation.

12A.8 CONCLUSIONS

Virtually no effects were noted on the launch vehicle during the 52-second
time period. The following conclusions regarding this anomaly are there-
fore pertinent only to the 3€.5-second time period:

a.

No weather-related launch mission rule was violated on the Apollo 12
mission. This conclusion is based on the following:

1. The vehicle did not fly through cumulonimbus (thunderstorm)
clouds.

2. The reference to cumulonimbus clouds is primarily concerned
with winds aloft.

3. The reference to electrostatic potential is primarily concermed
with ground satoty.

The vehicle was struck by a lightning discharge triggered by the
vehicle itself. This conclusion is based on the following:

1. The ionized gases in the flame plume contributed to the
discharge.

2. A fairly high ~urrent flow on or near the wehicle surface is
evident.
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Static charges on the vehicle would not have been sufficient
to produce the effects noted.

No lightning occurred in the 6-hour period prior to launch or
in the 6-hour period subsequent to S-IC cutoff.

The tendency of a space vehicle to encourage lightning where natural
lTightning discharge would not exist and the potential danger to the
mission that results from this tendency indicate the necessity for
some modifications to the present launch mission rules. The reasons
for requiring modifications are as follows:

1.

The launch vehicle is designed and tested to provide immunity
from lightning phenomena in standty and storage. It is not
designed to operate in the presence of a lightning discharge,
however, because of computer sensitivity to induced fields
greate~ than 1.5 gauss; it relies primarily on good design
practices to minimize the effects of such an environment.
Because of geonetry, the spacecraft is more vulnerable to
lightning than is the launch vehicle.

Tne launch vehicle is more likely to trigger lightning (and
therefore be struck by it) than is an airplane, because it

flies at right angles to lines of equal potential instead of
paralle' to them., While the lines of equal potent.al mey be
vertically oriented, such an occurrence is normally accompanied
by natural ligntning discharges and high turbulence of a
thunders torm that would readily indicate the excessive hazards
associated with a flight path through such a cloud cell for both
an aircraft and the launch vehicle.

Natural lightning is not requisite to the existence of a
Tightning hazard during vehicle boost or reentry.

Consideration must be given to several factors to keep launch
constraints reasonabie. These factors are as follows:

1.

No one facter such a¢ rain, cloud thickness, or the electro-
static potential measured on the ground necessarily indicates
the presence or absence of a coidition hazardous to the vehicle.
For example, the presence of rain does not in itself indicate
the existence of a potential gradient sufficient for triggered
Tightning, and conversely, the absence of rain dces not pre-
clude the possible existence of such a gradient. All of the
indicators, therefore, need to be analyzed to determine the
probability of a potentially hazardous condition.
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2. Because the potential gradien’. measuring system at KSC may not
reliably show the existence of hazardous potential gradients
aloft, additional ground and aircraft instrumentation may be
required to provide better correlation between observed ground
conditions and conditions aloft. These needs, however, require
better definition and a critical evaluation.

3. There is no way to assure a 100 percent guarantee that future
vehicle launches will not encounter static discharges. How-
ever, the triggered lightning occurrence and significant static
discharge risks may be red.ced if deemed unacceptable.

4. Ground rules need to be established for interpreting data to
assess the possibility of triggering lightning. At the same
time, the rules must nct be so arbitrary that they lead to an
unnecessary launch hold.

Permanent detrimental effects due to lightning discharge would not

be expected on the hardware or pyrotechnics. The software, however,
could be influenced because of computer sensitivity to induced fields
greater than 1.5 gauss.

A review of this anomaly with numerous authorities in the field of
atmospheric electricity resulted in unanimous agreement that the
evidence from vehicle measurements, atmospheric conditions, and
experimental studies supports the conclusion that the vehicle was
struck by a lightning discharge triggered by the vehicle itself.
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SECTION 13
VEHICLE PRESSURE AND ACOUSTIC ENVIRONMENT

13.1  SUMMARY

The S-IC base heat shield was instrumented with two differential pressure
measurements, one of which failed. The data from the valid measurement
show good agreement with data from AS-506.

In general, the S-11 heat shield forward face and the thrust cone static
pressures fall within the data band of the previous flights.

Acoustical measurements were made at 12 locations on the S-IVB interstage
and aft skirt. Data for liftoff appear to be valid for all 12 measure-
ments. Flight data after 15 seconds appear to contain questionable areas
for scme of the measurements because the measured environment at these
locations was below the range of the instrumentation.

13.2 BASE PRESSURES
13.2.1 S-IC Base Pressures

The S-IC base heat shield was instrumented with two differential [internal
minus external) pressure measurements. Measurement number D0046-106
failed on the AS-507 flight and is rot shown here. The AS-507 data,
Figure 13-1, show good agreement with AS-506 data. The peak differential
of approximately 0.15 psid occurred at the same altitudes, and the magni-
tudes and trends were consistent with the AS-506 flight.

13.2.2 S-11 Base Pressures

The AS-507 fcrward face static pressure fell within the data band of the
previous flights, as shown in Figure 13-2. The AS-507 static pressure,
prior to interstage separation, was approximately 15 percent lower than
the corresponding AS-506 value. Good agreement was obtained between
flight and postflight predicted values.

The AS-507 thrust cone static pressures, Figure 13-3, fell close to the
lower limit data band of the previous flights and were approximately 20
percent below the corresponding AS-506 value prior to interstage separa-
tion.
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Figure 13-1. S-IC Base Heat Shield Differential Pressure

Both thrust cone and heat shield forward face static pressures were ex-
tremely low after interstage separation. Therefore, the pressure charnges
occurring during CECO, EMR shift, and engine cutoff are not apparent in
the flight data.

The postflight prediction and the AS-507 flight data for the heat shield
aft face static pressure are shown in Figure 13-4, Also shown in this
figure is the data band for the previous flights. The AS-507 flight pres-
sure falls below this data band. This trend was not expected since the
engines were angled closer together during the AS-507 flight than on any
previous flight; therefore, higher pressures were anticipated. -owever,
since the transducer indicated a negative pressure prior to J-2 engine
ignition and after engine cutoff, a bias was suspected. Prior to ignition,
the normal pressure in the base region is approximately 0.02 psia as indi-
cated in Figures 13-2 and 13-2. Therefore, the actual AS-507 pressure in
this region could be C.02 psi higher than the transducer indicated value.

13.3  ACOUSTIC ENVIRONMENT
13.3.1 External Acoustics

AS-507 external fluctuating pressures were measured at 12 vehicle statiors
located on the S-IVB interstage and S-IVB aft skirt. The locations of the
12 measurements are shown in Figure 13-5. A1l measurements returned data
from 1iftoff through S-IC boost. Liftoff data appear to be valid for all
12 instruments. All flight data, telemetered after approximately 15
seconds, dropped below 140.7 decibels and remained under the measurement
range for 2 of the 12 instruments. The remaining flight instruments con-
tained varying amounts of underrange data.
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Figure 13-2. S-I1 Heat Shield Forward Face Pressure

The vehicle external overall sound pressure levels at liftoff are shown
in Figure 13-6. Predicted vaiues and previous flight data are included
for comparison. Sound pressure spectral densities at liftoff are shown
in Figure 13-7. Measurements B33-402 through B38-404, located near
Position IV, show 3 to 4 decibels higher overall levels than the instru-
ments located at or near Position lil. This condition is apparently due
to the location of the flame trench at Position IV. Spectral shapes are
generally consistent for all instruments.

Overall fluctuating pressure time histories for S-IC boost are presented
in Figure i3-6. Flight data were helow the range of the instrumentation
for measurements B28-402 and B32-402 and contained varying amounts of
underrange data for measurements B31-402, B33-402, and B34-402. Pre-
liminary inflight pressure spectral densities at or near maximum aero-
dynamic noise leve' are snown for 8 of the 12 measurements in Figure 13-9.
Pressure spectrums are not included for thote instruments where data 2-e
underrange or questionadle at the time slice indicated.
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Figure 13-6.
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SECTION 14
VEHICLE THERMAL ENVIRONMENT

14 1 SUMMARY

The AS-507 S-IC base region thermal environments have similar magnitudes
and trends as those measured during previous flights.

In general, base themal environments on the S-1I stage were similar to
those measured on previous flights and were well below design limits.

The tctal heating rate for the base heat shield on AS-507 was higher than
corresponding values on previous flights. This was expected since the
initial engine precant angle had been reduceu from 2.3 to 1.3 degrees
for AS-507.

Aerodynamic heating environments were not measured on AS-507.
14.2 S-1C BASE HEATING

Thermal environments in the base region of the S-IC stage were recorded
by two total calorimeters and two gas temperature probes which were
located on the base heat shield. Data from these instruments are compared
with AS-506 flight data and presented in Figures 14-1 and 14-2. The
AS-507 S-IC base heat shield thermal environments have similar magnitudes
and trends as those measured during the pregious flight. The maximum
recorded total heating rate was 26.3 Btu/ftc-s and occurred at 10.8 n mi,
and the maximum recorded gas temperature of 1754°F occurred at 14 n mi.
In geneval, Center Engine Cutoff (CECO) on AS-507 produced a spike in

the thermal environment data with a magnitude and duration similar to
previous flight data.

Ambient gas temperatures under the engine cocoons (monitored by C242-101
through -105) were within the range of previous flight data and within
the predicted range. These temperatures are shown in Figure 14-3,.

14.3 S-II BASE HEATING

Figure 14-4 presents total heating rate recorded by the calorimeter
(C722-206) on the aft face of the base heat shield throughout S-II boost.
The analytical prediction for this transducer and the AS-501 through
AS-506 flight data are also shown in this figure for comparison. It is
noted that the AS-507 total heating rate was higher than all other
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Figure 14-3. S-IC Base Heating Ambient Gas Temperature
Under Engine Cocoon

corresponding values of the previous flight . This was expected since
the initial engine precant angle had been reduced from 2.3 to 1.3 degrees
on this stage. However, the increase was not as large as the predicted
value which was based on test data. The effects of CECO on the aft face
heating rate was determined from 1/25 scale model data.

Figure 14-5 shows the AS-507 flight and postflight prediction of the
incident radiative heat flux to the base heat shield art face surface.
The previous flight data band is also shown for comparison.

Figure 14-6 shows the AS-507 flight and postflight prediction of the
base region yas recovery temperature probe history. Also shown is the
AS-503 through AS-506 flight daca band.

The predicted gas recovery temperature is obtained by analysis using the
measured total ard radiative heating rates on ‘the base heat shield aft
surface and the probe temperature. Note that the flight values are the
probe temperature and not ihe gas recovery temperatures.
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The probe and gas recovery temperatures were approximately 80°F higher
than the corresponding AS-506 values prior to CECO. This was expected
since the outboard engines are closer to the center engine during S-1I

boost due to reduced engine precant.
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However, after CECO ard EMR shift, the gas recovery temperature was
approximately 90°F lower than the corresponding AS-506 value which was
contrary to the expected trend. This contrary trend could be accounted
for by the higher than normal measured radiation heating rate on AS-506
which analytically yielded a high gas recove:y temperature.

There were no structural temperature measurements on the base heat shield
and only three thrust cone forward s -face temperature measurements for
the base region. A maximum postflight predicted temperature was deter-
mined for the aft surface of the heat shield using base heating rates
predicted for the AS-507 flight. This predicted temperature was 982°F
whicn compared favorably with maximum postflight temperatures predicted
for previous flights. and was below the maximum design temperature of
1550°F. The maximum measured temperature on the thrust cone by any of
the three forward surface temperature measurements was 26°F. The
measured temperatures were below design values and in good agreement
with postflight predictions.
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Figure 14-6. Heat Shield Recovery Temperature Probe

14.4 VEHICLE AEROHEATING THERMAL ENVIROGNMENT

The aerodynamic heating environments were not measured on the AS-507
vehicle. TFlight optical data or flow separation are not available for
"t1s flight. '

Due to sir‘larity in trajectory data, aerodynamic heating and flow
separation heating environments a-e believed to be similar to that
experienced by the AS-506 vehicle.
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SECTION 15
ENVIRONMENTAL CONTROL SYSTEMS

15.1  SUMMARY

The S-IC forward compartment ambient temperatures were maintained above

the minimum performance 1imit during the most severe phase of the AS-507
countdown. ihe aft compartment environmental conditioning system main-

tained the ambient temperature within design requirements during count-

down.

The S-I1 thermal control and compartment conditioning system apparently
performed satisfactorily since the ambients external to the containers

were nominal, and there were no problems with the equipment in the con-
tainers.

The Instrument Unit (IU) Environmental Control System (ECS) performed
satisfactorily for the duration of the IU mission. There was evidence
of direct incidence solar heating near panel 20, through the spen end of
the U, after spacecraft separation. Components located in this area
showed an increase in temperature. However, none of the components
conled by the Thermal Conditioning System (TCS) showed performance de-
gradation through 40,000 seconds of data, and all measurements were still
within tneir operating limits , although solar heating did adversely
affect the operation of components of tne Command and Communications
System (CCS). During this period of solar heating, the gas bearing
differential pressure decreased below the expected lower limit because
of temperature effects of the Gas Bearing Supply System (GBS) GNo pres-
sure regulator. The performance of the ST-124M-3 platform was not
affected by this decrease in pressure.

15.2  S-IC ENJ/TRONMENTAL CONTROL

The most s>vere forward compartment thermal environment occurs dur ng J-2
engine chilldown. The lowest ambient temperature measured during AS-507
J-2 engine chilldown was -67°F at instrument location C206-120, which

was above the minimum performance limit of -20°F. ODuring flight, the
lowest temperature measured was -140.8°F at instrument location C206-120.

The aft compartment environmental conditioning system maintained the

ambient temperature within the design requiiements during countdown.
Prior to liftoff, the ambient temperatures ranged between 93.2°F at
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measurement C107-115 anc 75.2°F at measurement C203-115. During flight,
the lowest temperature recorded was 57.2°F at instrument location
C203-115.

15.23  S-11 ENVIRONMENTAL CONTROL

The Engine Compa:rtment Conditioning System maintained the ambient and
thrust cone surface temperatures within design ranges throughcut the
Taunch countdown. The system also maintained an inert atmosphere within
the compartment as evidenced by absence of Hp or 02 indications on *he
hazardous gas monitor.

There were no thermal contrcl container tenperature measurements; however,
since the ambients external to the containers were satisfactory and there
were no problems with the eguipmen. (n the containers, it is assumed that
the thermal control systems performed adequately.

15.4  1U ENVIRONMENTAL CONTROL
15.4.1  Thermal Conditioning System

Performance of the Thermal Conditioning System (TCS) was satisfactory
throughout the mission. The temperature of the Methanol Water (M/W)
coolant was continuously maintained within the required 45 to 68°F tem-
perature band.

Sublimator performance during 2scent is shown in Figure 15-1. The

water valve was opened at 181.9 seconds allowing water flow to the sub-
limator. The M/W coolant temperature began to decrease rapidly at about
500 seconds as full cooling from the sublimator was established. The
low cooling rate during the first 300 seccnds after the water valve
opened is typical of a slow-starting sublimator and is not abnormal. At
the first thermal switch sampling, the M/W coolant was still above the
actuation point, and the water valve remained open. The second thermal
switch sampling was at 781.4 seconds, and the water valve was closed.

Sublimator performance is shown in Figure 15-2 over the full time span
for which data have been received. The data show normal M/W coolant
temperature cycles up through 40,000 seconds of flight.

A1l component temperatures remained within their expected ranges through-
out the primary mission as shown in Figure 15-3. The ST-124M-3 internal
gimbal temperature went below the operational temperature range (104°F)
at about 8,600 seconds and teveled off at 103°F, which is close to the
value observed on previous flights. The temperature followed almost
exactly the curve of AS-505 until the Evasive Attitude Hold maneuver and
then began a steady warming trend after 16,620 seconds. There was evi-
dence of direct solar heating near panel 20, through the of>n end of thre
IU, after spacecraft separation (paragraph 16.3.4). The temperature of
components lIncated on IU panel 20 began increasing at about the same
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time as the ST-124M-3 internzl temperature. Also, the M/W control tempera-
ture and other sublimator parameters indicated an increase in activity,

and therefore, an increase in heatload. None of the components cooied by
the TCS showed performance degradation as a result of this heat load
through 40,000 seconds of data, and all measurements were still within
their operating iimits. The ST-124M-3 iaternal gimbal temperature was at
its upper operationai value of 115°F. Effects of this solar heating on
components of the CCS system are discussed in paragraph 16.4.4,

The TCS GN2 supply sphere pressure decay was within the expected usage
rate 1imits as shown in Figure 15-4. The change in slope from 15,000 to
17,000 seconds was due Lo the solar heating effects that occurred after
spacecraft separation. There were no adverse effects cn TCS performance
as indicated by normal water accumulator and M/W accumulator pressures.

15.4.2 ST-124M-3 Gas Bearing System

Performance of the GBS was satisfactory throughout the primary mission.
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The GBS GN2 sphere pressure decay was nominal up tn spacecraft separation
as shown in Figure 15-5. After spacecraft separation, there was an in-
crease in G3S GNy sphere pressure due to solar heating; however, there
was no noticeable effect on piatform performance.

The ST-124M-3 gas bearing differential pressure is shown in Figure 15-6.
The gas bearing differential pressure decreased below the expected lower
limit at about 18,40C seconds; however, the performance of the ST-124M-3
platform was not affected by this Jdecrease in pressure. This decrease
is attributed to an increase in the gas bearing regulator temperature
caused by high incident solar heat rate, Previous component test data
nave shown that this is the expected performance of the regulator with
an increase in component temperature. A modification is being considered
on AS-508 to protect IU componer ts from solar radiation through the open
end of the [U. This modification consists of a thermal shroud and 1s
discussed in naragraph 16.4.4.
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SECTION 16
DATA SYSTEMS

16.1 SUMMARY

A1l elements of the data system performed satisfactorily throughout flight
except the Command and Communication System (CCS). During translunar
coast, the CCS omni downlink antenna system failed, and the CCS uplink
signal dropped out sconer than expected.

Measurement performance was excellent, as evidenced by 99.9 percent
reliability. This reliability is the same as on AS-506, when the highest
reliability for any Saturmn V flight was attained.

Telemetry performance was nominal. Very High Frequency (VHF) telemetry
Radiofrequency (RF) propagation was generally good, though the usual
problems due to flame effects and staging were experienced. Usable VHF
data were received to 25,260 seconds (07:01:00). The Secure Range Safety
Command Systems {SRSCS) on the S-IC, S-II, and S-1VB stages were ready to
perform their functions properly on command if flight conditions during
launch phase had required destruct. The system properly safed the S-IVB
SRSCS on a command transmitted from Bermuda (BDA). The performance of the
Command and Communications System {CCS) in the Instrument Unit (IU) was
satisfactory, except for the uplink and downlink problems noted. Usable
CCS data were received to 43,980 seconds (12:13:00).

Goldstone Wing Station (GDSX) received CCS signal carrier to 46,070 seconds
(12:47:50). Good tracking data were received from the C-Baid radar, with
Merritt Island Launch Area (MILA) indicating final Loss of Signal (LOS) at
43,560 seconds (12:06:00).

The 71 ground engineering cameras provided good data during launch.
16.2 VEHICLE MEASUREMENT EVALUATION

The AS-507 launch vehicle had 1402 measurements scheduled for flight;
five measurements were waived prior to start of the automatic countdown

sequence leaving 1397 measurements active for flight. Of the waived
measurements, one provided valid data during the flight.
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A summary of measurement performance is presented in Table 16-1 for the
total vehicle and for each stage. Measurement performance was except-
ionally good, as evidenced by 99.9 percent reliability. This reliability
is the same as on AS-506, when the highest reliability for any Saturmn V
flight was attained.

The waived measurements, totally failed measurements, and partially failed
measurements are listed by stage in Tables 16-2 and 16-3. None of the
listed failures had any significant impact on postflight evaluation.

16.3 AIRBORNE TELEMETRY SYSTEMS

Performance of the nine VHF Telemetry links was generally satisfactory
with the minor exceptions noted. A brief performance summary of these
links is shown in Table 16-4.

Data degradation and dropouts were experienced at various times during
boost as on previous flights cue to attenuation of RF transmission at
these times, as discussed in paragraph 16.4.1.

Usable VHF telemetry data were received to 25,260 seconds (07:01:00) at
Guaymas (GYM).

Performance of the CCS telemetry was generally satisfactory except for
the period during translunar coast from 19,105.5 seconds (5:18:25.5) to

25,741.9 seconds (7:09:01.9). This problem is discussed in detail in

?aragraph 16.4.4. Usable CCS data were received at GDSX to 43,980 seconds
12:13:00).

16.4 RF SYSTEMS EVALUATION
16.4.1 Telemetry System RF Prupagation Evaluation

The performance of the nine VHF telemetry links was excellent and generally
agreed with predictions. Very high frequency telemetry link CS-1 was
added on AS-507. .

Moderate to severe signal attenuation was experienced at various times
during boost due to main flame effects, S-IC/S-II and S-11/S-IVB staging,
S-II ignition, and S-II second plane separation. Magnitude of these
effects was comparable to that experienced on previous flights. S-IC
main flame effects caused loss of VHF telemetry data on the S-IC &nd S-II
stages. At S-IC/S-I1 staging, signal strength on all VHF telemetry links
and on the CCS downlink dropped to threshold for approximately 1.0 and
12.5 seconds, respectively. Signal degradation due to S-II ignition and
S-11 flame effects was sufficient to cause loss of VHF telemetry data on
the S-IC stage. Command and communication system data were lost during
S-1I second plane seraration. S-II VHF data were lost during S-11/S-IVB
separation. In addition, there were intervals during the launch phase
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Table 16-1.

AS-507 Measurement Summary

MEASUREMENTS S-1C S-11 S-IVB |INSTRUMENT TOTAL
CATEGORY STAGE | STAGE | STAGE UNIT VEHICLE
Scneduled 307 579 289 227 1402
Waived 3 0 2 0 5
Failures ] 0 0 0 1
Partial Failures 5 3 2 0 10
Reliability, 99.7 1100.9 | 100.0 100.0 99.9
Percent

Table 16-2.

AS-507 Flight Measurements Waived Prior to Launch

P

MEASUREMENT TITLE

NATURE OF FRILURE

REMARKS

w

~1C STAGE

CuG6-10m

|

Bearing

Temperatyre, Ox1dizer Pump

Erratic - Cycled when
bearing neaters were
cycled

Rocketdyne transducer or cabling
probiem, «S{ Waiver-1-8-507-3
(Open resistive element).

(39-i¢: | Temperature, Engine Gimbal System Amplifier driven Open cable at transducer
! Return Pitcn Actuator negative (Inteqral part of transgucer!
KS{ Waiver-1-5-507-4.
i . . . . Reasyrerent provideo valio
LN-ng Segment ldentification Fuel Discrete 3 indicatea datautnroughgut'oou:r:d
Discrete wet at all times flight. KSC saiver
i-8-507-1.

wr

1vB STAGE

C.Eewsa0e 1
i

NOUB 1AL,

Jemperature, 10X Tany Diffuser
rlet me Gas

Miscellaneous
Operaticnal Telemetry (it
Reflected RF Power

Measurement failed
off-scale high at
azoroximately -1176
seconds

Cata were excessively
nigr during the pervods
when the PCM trans-
mitter was operating

|
| Propatle open transducer.

This nigr reflectec power was
caused by 1mproper isolation
from PC¥ transmitter
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Tatle 16-3.

AS-507 Measurement Malfunctions

T i
MRS Ly T . AN IR RAT
BT MEASHR] MY NT TGS HATIRF o TR (RANTY SATISFAC TORY ARy |
v ) 0Pt RAT [OW
TOTAr ™M ASUREMENT (ATIUPES | ° H( STAM:
[LERER T Pressure Differential, Heasurement pegaed 9 smcon iy R f} ceconds Possibly cap not
Heat Shield positive at 1) cecomde remcyed from one
port ur sensnt
clogged
PARTEAL MEASUREMENT FAILIMES, S 1C SYAGE
| AR T T Acceieration, Positive tranc ert of -2 «econds 150 secondc]| installatron problem
Inngitudinal 3 5 Gpeak trom -2 tn
17 secands .
[T IR IIX] Precsyre, Fusl Pivp Yery nowsy - 39 percent O <econds Data Transducer or
Talet 1 double amyplitude nnice usable connector problem
entire
flight
r037-115 Thrust 0% Fre<.yre Indicated OFf at 43.6 a9, 61.?7 Remainder
Switch 2, trnnvne Nn. 2 61.2 and 77.7 secomnds . and 777 ¢! flight
seconds
[ YERRT] Helrum Flow (ontend Indicated erronegus 140 .9 Rema ynder
Valve # CLOSE/OPEN at 1409 second< of flight
seconds =
Lone 19 Lty leyel Pocrtion Erratic counting -8.19 to 158
I1 Sersor Seqment betweenr 4 39 and ! ADY 3 R0Y seconds | seconds
econds
PARTIAL MEASUREMENT FATLURES, S-11 STAGE
-+
oni-201 fuel Tump Diccharage Intermittent Transdycer 170 to lo to 17C Date were saturated
Tempe ~sture output 05 seconds seconds between 170 pn¢
od 0% 05 secends .
. seconds to
end of S-11
1 391]
e Fuel Tyrbine nlet Trancducer Failure N <econds 300 Date vsebie in ares
Temperature seconds of interest
208 0z Pressure fequlator Transducer Failure a! 26N <eronds 260 Partial Mats
Outlet Temprrature Step Pressure seconds
PARTIAL MEASUPEMENT FALLUTES, S-IVB <TAGE
[P A I Pressure - Ullage t'"balance 400 seconds 400 Slow upward drift
Control Chamber 2-8 0 amplifrer seconds of data fm. 400
seconds ta end of dets
DO104-4u3 Pressure - Lk, Lold-soab affect During Be fore Gradwe | decrease
Pressure Module on transducer S-1ws ond of data Guring
inlet second after S-Iv8 secons
N bum S-1wR burn was invalid
second because of cold-
burn soak affects on
the transducer.
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Table 16-4.

AS-507 Launch Vehicle Telemetry Lirks

FREQUENCY | FLIGHT PERIQD
LINK (MHz2) i MODULATION | STAGE (RANGE TIME, SCC) PERFORMANCE SUMMAPY
AF-1 256.¢ FM/FM S-1C 422 Satisfactory
AP-1 244 .3 PCM/FM S-1¢C 422 Cata Dropouts
Range Time (sec) Duration (sec)
136.7 2.1
162.8 1.0
166.0 1.3
BF-1 241.5 FM/FM S-11 772 Satisfactory
BF-2 234.0 FM/FM S-11 772
BP-1 248.6 PCM/FM | S-T1 772 Data Dropouts
Range Time (sec) Duration (sec)
131.4 6.0
162.6 1.0
553.2 3.7
cP-1 258.5 PCM/FM S-IvB| Flight Duration Satisfactory
€S- 253.8 SS/TM S-1v8 724 Data Dropouts
Range Time (sec) Ouration (sec)
162.6 1.0
DF-1 250.7 3 Ha 1V Flight Duration Satisfactory
DP-1 245.3 PCM/f¢ Ity Flight Duration
DP-18 | 2282.5 PCH/EM | 1U 43,980 Data Dropouts
Range Time (sec) Ouration (sec)
162.5 (WF) 1.0
162.0 ) 2.5
193.5 2.0
19,105.5 See 16.4.4
21,237.3 | DP-18  See 16.4.4
22,066.4 { only See 16.4.4
23,389.7 See 16.4.4
25,546 .4 See 16.4.4
25,687 .4 See 16.4.4
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where some data were so degraded as tc be unusable. Loss of these data,
however, posed no problem since losses were cof such short duration as tc
have Tittle or no impact on flight analysis.

The performance of tie S-IVB and IU telemetry systems was nominal during
orbit, second hurn, and final coast, except for the CCS problem discus-ed
in paragraph 16.4.4.

Guaymas reported VHF LOS at 25,260 seconds (07:01:00), ard GDSX reported
CCS LOS at 46,070 seconds (12:47:50).

A summary of available VHF telemetry coverage showing Acquisition of
Signal (A0S) and LOS for each station is shown in Figure 16-1.

16.4.2 Tracking Systems RF Propagaticn Evaluation

The C-Band radar operated satisfactoriiy during this flight, although
several ground stations experienced some of the usual tracking problems.

The Cape Kennedy (CNV), MILA, Patrick Air Force Base (PAFB), and Grand
Turk Island (GTK) stations experienced problems during launch caused by
balance noint shifts (erroneous pointing information caused by a sudden
antenna null or a distorted beacon return). Similar problems haye beer
experienced during previous flights. The ground stations momentarily
switcoed to skin track when this problem was observed.

Cape Kennedy, MILA, and PAFB also experiencea some dropouts during launch
due to the adverse weatner conditions. The only problems experienced
during the seconda revolution occurred at the two BDA radar sites. The
vehicle passed directly over the stations, and the resulting high azimuth
rates at the maximum elevazion angle (exceeded azimuth tracking rate
capabilities of antennas) resulted in a 26-second dropout.

The MILA TPQ-18 and BDA FPQ-6 radars tracked the veiicle during the trans-
lunar coast period. Bermuda reported two dropouts caused by low signal
strength. This low sigral ctrength was a result of the large slant range
to the vehicle. Merritt Tsland launch area indicated final LOS at 43,560
ceconds (12:06:00).

A summary of available (-Band radar coverage showing ACS and LOS for each
station is shown in Figure 16-2.

There is no mandatory tracking requirement of the CCS; however, tr . CCS
transponder has turnaround ranging capabilities and provided a backup toO
the Command and Service Module (CSM) transponder used for tracking in case
of failure or desire for a cross check. Since the same transponder is uced
for all CCS functions, discussion of the tracking performance of this
system is ircluded in the general discussion of the (CS RF evaluation.
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'U.4.3 Secure Range Safety Command Systems Evaluation

Telemetered data indicated that the command antennas, receivers/decoders,
Exploding Bridge Wire (EBW) networks, and destruct controllers on each
powered stage functioned properly during flight and were in the required
state of readiness if flight conditions during the launch had required
vehicle destruct. Since no arm/cutoff or destruct commands were required,
all data except receiver signal strength remained unchanged during the
flight. At approximately 120 seconds, a momentary dropout occurred on the
receiver signal strength measurements, when the command station switched
transmitting antennas. Power to the system was cut off at 708.2 seconds
by ground command from BDA, thereby deactivating (safing) the system.

Both S-IVB stage systems, the only systems in operation at this time,
responded properly to the safing command.

16.4.4 Command and Communication System Evaluation

The command section of the CCS overated satisfactorily. Twenty-four
commands were initiated by Mission Control Center-Houston (MCC-H) for
transmission via three different ground stations, as shown in Table 16-5.
The 24 commands consisted of 72 words. Of the 24 commands, 21 were
accepted by ihe onboard equipment. Transmission of the three commands
not received by the CCS occurred when the command subcarrier (70 kHz)

or both the cormand subcarrier and the uplink carrier were out of lock.

The RF portion of the CCS performed satisfactorily during boost and
parking orbit with minor exceptions. Downlink dropouts occurred during
S-1C/S-11 staging and at S-1I second plane separation, as on previous
tiights. Station handovers were accomplished with very little data loss.
Parformarce during second burn and during Translunar Injection (TLI) was
riominal,

Durisg translunar coast, the CCS RF performance was satisfactory until
19,105.5 seconds (5:18:25.5) when a downlink dropout occurred while
operating on the omni antenna. Subsequent to this, the CCS downlink
antennas were switched by ground command 16 times per planned tests.

Each time the omni antenna was selected, there was a CCS downlink dropout
as shown in Figure 16-3. The CCS downiink performance was nominal while
on the low-gain und high-gain antennas. The loss of uplink signal to the
CCS at 26,827 seconds (7:27:07) prevented any further commanding of the
LVDC/LVDA via the command section of the CCS. Final CCS downlink LOS
occurred at 46,070 seconds (12:47:50) as a result of battery depletion,
while on low-gain antenna.

The above noted uplink and downlink problems may have been caused by the
overheating of the CCS omni antenna coaxial cables. AS-507 data indicate
there was an urusual temperature increase in the area of the omni antenna
coaxial cables. Films taken by the astronauts and sur angle calculations
indicate that the sun was shining into the open end of the IU after CSM/LM
final separation. This temperature increase is shown in Figure 15-3 and
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Table 16-5. Command and Communication System Commands History, AS-507

T T
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the locations of the measurements with the most significant temperature
increases are shown in Figure 16-4. A1l measurements in Figure 15-3 are
moderated by Environmental Control System (ECS) conditioning. Calculated
stabilization temperature for foamflex cable is approximately 375°F;
calcuiated stabilization temperature for RG-214 cable is approximately
115°F.  Neither cable is thermally protected, and will thus stabilize at
these temperatures under direct sunlioht impingement.

Thermal/vacuum tests on the omni antenna coaxiai cables {Foamflex and
RG-214) indicate that the A5-507 CCS problems may have been caused by
solar heating of the coaxial cables. Heating tests of coaxial cables to
approximately 2€3°F, winimum, caused the foamflex cable dielectric to
scften, allowing the cable inner conauctor to drift toward and finally
short out on the outer conductor, and duplicate the flight failure mode.
An artist reproduction of an X-ray showing a typical foamflex cable
after a heating test is presented in Figure 16-5. The results of the
coaxial cable tests are summarized in Table 16-6.
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Figure 16-3. CCS Signal Strength at Goldstone Wing Station
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Table 16-6. Instrument Unit Coaxial Cable Test Summary

CABLE BEND VSWR
TEST LENGTM FAILURE TEmP INOUT HEAT
TYPE RADIUS BEFORE AFTER
e | RG214/U 40 in, 5.56 in. - 1.75:1 195°F 4.74 watts/ft
Foamflex 63.5 in.{ 13.95 in, 1.26:1 Shorted 263°F 1.87 watts/ft
2 Foamflex 28 in, 11 ft 1.08:1 7.3:1 402°F 12.2) watts/ft*
3 RG214/U 37 in. 5.56 in. 1.1 Shorted 395°F 20.11 watts/ftee

* Slight recovery following rapid cooling
** PVC jacket expanded due to heat inout

*** Foamflex failed. Test setup prohibited further test of RG-214.

An investigation is being conducted to determine if the AS-505 and AS-506
CCS problems can be attributed to the overheating of the coaxial cable,
rather than the previously suspected leak in the coaxial switch (AS-507
had a new design coaxial switch). However, evidence of an cverheated
coaxial cable is purely circumstantiail.

Gn AS-508, ECP 2319 will provide thermmal shrouds to protect all IU
components, including the affected coaxial cables, from direct solar
heating. These shrouds will be made from "Kapton" sheeting with aluminum
deposited on the side next to the components. This material will be
reinforced with a glass cloth backing. :

The addition of themal shrouds :hould prevent any cverheating caused by
solar radiation. Therefore, a reoccurrence of a CCS malfunction on AS- 508
would indicate that the cause is not thermal in nature.

A summary of CCS coverage showing AQS and LOS for each station is shown
in Figure 16-6.

16.5 OPTICAL INSTRUMENTATION

In general, ground camera coverage was good. Seventy-one items were
received from KSC and evaluated. Five cameras had bad timing, six cameras
Jjammed or had no runs, and four cameras were extremely underexposed. As

a result of these 15 failures, system efficiency was 79 percent. No
tracking items were included in the 71 items or included in determining
system efficiency since none were acquired because of low cloud coverage.
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SECTION 17
MASS CHARACTERISTICS

17.1  SUMMARY

Total vehicle mass determined from costflight analysis was within 0.80
percent of the prediction from ground ignition through S-IVB stage final
shutdown. The small variations irdicate that hardware weights, propellant
loads anc propeliant utilization during powered flight were close to pre-
dicted.

~17.2  MASS EVALUATION

Postflight mass characteristics are compared with final predicted mass
characteristics (MSFC Memorandum S&E-ASTN-SAE-69-85) and the final opera-
tional trajectory (MSFC Memorandum S&E-AERO-FMT-188-69).

The postflight mass characteristics were determined from an analysis of
all available actual and reconstructed data from S-IC stage ignition
through S-1VB stage second burn cutoff. Dry weights of the launch vehicle
are based on actual stage weighings and evaluation of the weight and
balance log books (MSFC Form 998). Propellant loading and utilization

was evaluated from propulsion system performance reconstructions. Space-
craft data were obtained frum the Manned Spacecraft Center (MSC).

Deviations in dry weights of the inert stages and the loaded spacecraft
were ail within 0.40 percent of predicted, which was well within accept-
able iimits,

During S-IC powered flight, mass of the total vehicle was determined to
be 3122 1bm or 0.05 percent higher than predicted at ignition, and 13,722
1bm or C.76 percent higher at S-I1C/S-1I separation. These deviations are
attributed to the mass of the upper stages and the S-IC stage propellant
residuals at separation being greater than predicted. S-IC burn phase
total vehicle mass is shown in Tables 17-1 and 17-2,

During S-II burn phase, the total vehicle mass varied from 6020 i1bm or
0.41 percent higher than predicted at ignition to 2026 1bm or 0.43 percent
higher at S-11/S-IVB separation. These deviations are due primarily to a
greater than predicted S-II stage LOX load and a slight excess of upper
stage mass. Total vehicle mass for the S-II burn phase is shown in Tables
17-3 and 17-4.
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Total vehicle mass during both S-IVB burn phases, as shown in Tatles 17-5
through 17-8, was within 0.53 percent of the prediction. A deviation of
1396 ibm (C.38 percent) from predicted at first burn ignition was due
mainly to a heavier S-IVB propellant loed and a larger spacecraft mass.
The deviation at completion of second burn was 742 1bm (0.53 percent).
Total vehicle mass at spacecraft separation was 601 1bm or 1.61 percent
higher than predicted.

A summarv of mass utilization and loss, actual and predicted, from S-IC
stage ignitiun through completion of S-IVB second burn is presented in
Teble 17-9. A comparison of actual and predicted mass, center of gravity,
and moment of inertia is shown in Table 17-10.
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Table 17-1. Total Vehicle Mass - S-IC Burn Phase - Kilograms

GROUND IGNIYIDN HGLDDOMWN CENTER 0UTBOARD €-31C/5-11
EVENTS ARM RELCEASE ENGINE CUTOFF ENGINE CUTOFF SEPARATION
PRED iCT PRED ACY PRED aCT PRED acT PRED aCr
QANGE TIME--SEC -6.5N -6eS0 .25 25 135.27 135.29 162,48 16 .74 163.20 162.40
S-!C STAGE ORY 130567. 130588, 130S&7., 13N%89%, 130567, 13C582, 130567, 130588. 130%67. 130589,
LOX IN TANK 1479759, 148G3693, 144”732, 1448509, 19883C., 19u9ay, 9%8. 1281, 998, 998.
LOX SELOW TanX 21000, 2it12. 21131, 21372, 21720, 217%4, 16895, 17632, 148136, 15035.
LOY ULLAGE GaAS 19C. 163, 210, 211, 253C. 26hu, 3090, 3357. 3C96. 3362,
RP1 IN TaNK 643306. HUI734. 633691, 632752, 35347, 4767, 85w}, 10513, Tub). 9433,
RP1 BELOW TANK ¥313, 4311, 5996. 5994, 5996, 5994, 5953, $957. 5558, 5957.
RP1 ULLAGT Gac 3S5. 73. 35, 76, 211. 226. 202, 2u3, 202, 250.
N2 PURGE GAS 36, 36. 6. 36. 2C. 20. 2C. 2C. 20. 20.
HELTUM IN BOTTLE 283, 293, 2873, 236, 113. 136. 2. 112, g1. 1i2.
FROST 635. 635, 635, 635, 34C. 34C. 34C. ug, 3420, 3s0.
RE TROMOTOR PRQOP 1C27. 1027. 1027, 1027, 1027, 1027, 1C27, 1n217. 1027, 1027.
OTHER 239, 2319. 239. 239. 239. 239. 239. 239. 239. 239,
T0Tal S-IC STAGE 2281895, 228C583, 2243194, 22“2235. 058999. 952790, I67998. 171496, IBNOSS. 161362,
TovaL 5-1C/S- II Is SZOC.l 5220. $2CC., SZZC. s2C0. s22c. €200, 522G. 5166. $187.
TovaL S-II STaGE 480997. 493321, 490937, 483021, 43C739, 482762, 48C738. 882762, 980738. N82752,
107 S-I1/5-1Tve IS 3665, 3639, 3eus, Je 38, 7645, 3638. 3645, 36138, 3645, 3638,
1078l S-1Ive STAGE 1179R7, 118472, i17367, 118472, 117876, 118332, 117876. 118382, 117875. 119382,
TOTAL INSTRU UNIT 1940, 1940.. 1940, 1940, 19%C, 1960, 1340, 19480, 1940. 19430,
TOTAL SPRCECRAFY 43732, 93915, “3732, 49918, H9732. 49315, w373z, 93318, w9732, "391S.
JOTAL UPPER S'IGE 653479, 662207, 659473, 562207- GSBISU- 661853, 9130, 661858, 559037. 6619825,

TOTAL VEMICLE 2941374, 294279C, 29C2674, ZSUIQHS- 1116329, 111468, 827123, 833353, 9239:2. 330187,
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Table 17-2.

GOQUND

227188C,
126213C4,
bh29¢,
ul9,
lutateun,
3502,
17,

aC.
L1E,
tul?o,
2264,

Ituss,
1ICECHL Y,
1715,
cOCCT2.
4276,
103543,

L R I L T T T e

S e e ke .-

Tota! Vehicle Mass - S-IC Burn Phase - Pounds Mass
rauxtxon HOLDNOWM CENTER CJragesp S-1275-11
$0% RELEBSE ENSINE CUTOFF ENGINE TUuTCFF SEPARATION
ALt poeg ACY PRED act PREC act FRED ACTY
-5.50 .25 025 186,27 135,24 1€2 ,u2 161,74 163,20 1.2.40
2°7898., 2e735C, 287%9°, afasC, JA7E9B, F7utr, 2R733., 2379¢0, 2817838,
1253655, 3123303, t133uwlg, 43ulus, 423448, 22006, 2114z, 2230, 2250,
u6tuy, u?7321, 48219, wrRey, wagu?, 372439, 13313, 12103, 5352,
372, us 3, “woh, €TIC, 5374, 6911, I, £925, 7413,
tuta?ag, 1337050, 12999179, 2172C4, 208976, 12323, 7. IXTER 207137,
3555, 13212, 13715, 13213, 11215, 13135, 13132, 13136, 13132,
161, 1. 168, e, Y8, €23, 55C, 534, 551,
ac. ar, ac, yt, 4z, 43, vy, «1, u3,
617, 6516, £3C, 2uo, 37C., 187, 219, 113, 2a7,
lacc, 100, 1ucc, 75C, 75C. 757, 152, re0. 750,
2274, 2264, 22%u, 2¢6u, 2264, 22Cu, 7264, 22bb, 2264,
%29, 524, 528 szs. 528, 528, 528, 523, 529,
5027325, 4345397, uaul’zs. 1*?7811. 39321, 370378, 378C3¢, 363466, 371178,
11eca, 11u63, 11503, 11ucg, tisng, 11us?, 11852, 11336, 11436,
1Ceud79, ICEC4L?, 1CRUBTR, 1063047, 1064306, 10TQ9GT, 1neu3re, 1553847, 10649308,
8], 40345, A7, 3115, 3C21, inss, a2, .35, 3021,
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1963215, tus3Ing, u51115. VG233, 1459545, 1953133, 1452145, 1433550, LuSacti.
nuq77N?. £13330C, 6%”!2(!. 295009 %, 209713727, 1873506, 147722 1216526, 1330248,
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Table 17-4, Total Vehicle Mass - S-11 Burn Phase - Pounds Mass

TR R R T P Py P P R R P R P PR L R P Y R P R P e Y Y P P R LR A N R P L R L P R Y R Y PR LN

S-1C IGNITION $-11 S-11 s-11 S-11/5-1v8
EVENTS IGhETTON MEINSTAGE ENGINE CUTOFF SEPARATION
PRED act PRED At pPRED ace? PRED acty PRED acT
RANGE TImZaagE(C =6.80 =6.50 154,9G 164,20 166,130 166.40 $50.39 §52.130 5§51 .90 §53.20
§-1C/S-11 15 SmaLL 1353, 13153,
$-1C/78=11 1S LARGE 87s¢C. 8810, 81750, 881G, 8750, 8810,

totaL Ss«tcss«11 IS 11u6d, 11509, 9339, 9492, 8750, 2810,

PR Y Y L L L L T T o N R N L T Y T X I W R A ] - AP e .- P A A L L L T

S-11 StaGe 0%y 80220, 80236, 80220, 802136, 8022C. 1C236. 90220, 80236, 36220, 30236.
LOX IN TANN s19C83. 8231781, 219083, 223781, AB18OSC, R2z748, l1a%2, 18GC0., 1202, 1550,
LON BELOW TaNK 1625 1625, 1625. 1625, TEY. 1764, 1736, 1736. 1736, 1736
LOX ULLAGE GAS wis. 405, wi3, “0s5, w17, “C9. 5136, €233, S141l. s238.
LH2 IN Tank 158C00. 157758, 1S798E, 1577wl 157513, 157268, 4335, u33s, w223, ¥226.,
LKH2 BELOW TANK 231. 2%, 205, 285, 282, 282, 212, 2172, - 272, 212,
LH2 ULLAGE GaS 169, 169, 169. 169, 171, 17 1564, 1633, 1565, 1634,
INSULATION PURGE 120, 120,

FROSTY 950, “50.

SIARYT TANK GAS 30. 30, 30, 30. Se S Se Se Te S.
oTHER 16, 16, 76. 76. 76. 76, 76, 76, 76, 76.

TOfaL S-I1 STaGE 1C604l7, 1064878, 1059847, 1064308, 1058438, 1062959, 9796, 95379, Juung, 95023,

Y L Y Y R Y P Y Y P N Y Y Y Y R Y P Y P Y Y P N L PP Y Y L Y PN T P Yy Yy e Y P T T Y Y Y F YY)

107 S-11/S-1v3 1§ 8035, 8021, 8035. sc21. 8035, 8c21. 8035, 3021, 9035, 8021.
T07AL S-1vB ST1AGE 26C072. 261187, 2%9812, 26G587, 2%9%72. ?26C9M7, 259872, 260987, 259967, 2603582,
rorat INSTRU UNIT w2176, wait, 276, w217, “276. uw2lt, w278, w2117, w21e. “217.
10Tal SPALECRAFY 109640, 110004, 1C9680. $10Cue, 109680, J)CO4N, 100740, 1CI10B1, 300740, 101081,
10TAL UPPER STAGE 382C23, 383529, 381823, IN3329, 391829, 383329, 372923, 37v366., 372918, 3Tul6l.
107al vENWICLE 1953903, 1059976, 1851309, 1057129, 1oe3073, Je55098., 67719, 69745. 4673508, 8693084,
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Table 17-7. Total Vehicle Mass - S-1VB Second Burn Prase - Kilograms

BE LGB BB GE S eSS dddbaslbiladddliescdsscdasiddstacsdoevacliodvnocsssdtbicnans

S«1v8 S-1v8 S=1ve S-1vg SOACECRAFTY
EVENTS IGNITION MaINSTAGE ENGINE CUTtOFF END DECAY SEPARATION
pRED act PRED act PRED act PRED et PRED ACT
RANGE TIME--SEC 10CN0,00C 10C42.70 10082.50 10085,26C 10385,01 10383,89 10385,20 10394,20 1516%,00 15180,.,90
S~1v8 STAGE CRY 11278, 1128%, 11278, 11260, 11278, 11204, 11279, 11288, 11278, 11284,
LOX IN Tanx £leB?, e1348, 61391, 61228, 2029, 1313, 1994, 1338, 1926, 1833,
LOX BELOu TANK 166, 166, 18C., 100, 180, 190, 180, 18C. 166, 166,
LOX ULLAGE GaS 152, 159, 153, 160, 245, 220, 245, 220, “S, 4S5,
LMH2 IN TANN 136098, 13469, 13681, 13657, a4 3, 1124, 330, 111}, 548, 720,
LM2 AELOW TANK 26, 26. 26, 26 26, 26, 26, 26, 22, 22.
LHM2 ULLAGE GAS 185, 153, 108, 154, 1017 250, 307. é50. 64, 66,
ULLAGE MOTOR PROP Oe Oe G. 0s 0. 0. 2. C. 0. 0.
APS PROPELL aNY 201, 256, 203, 256, 201. 254, 201, 254, 166, 233,
HELTUM TN SOTTLES 188, 169 100, 1989 9. ithe a9, 113, a8, 113,
SIART TANK GaS 2¢ e 0. 0, . ) 3. -3, 3. 3. 3,
FrosSt s, 113¢, us, 136, s, 136, “s, 1316, s, 136.
OTMER 25. 25, 25, 2%. 25. 25, 25, ‘25, a5, 25.
107AL S-1v8 StaGE 81282, 87196, 81017, srQ77, 15312, 15660, 15328, 18609, 18378, 14650,
10748L INSIRY UNIT joal. 1940, 1980, 1980, 1940, 1940, 1940, 1980, 1940, 1940,
107AL SPACECRAFY 45698, 45650, 85695, 85850, 45695, 450830, 45695, 45850, 626, 626,

T e T Y Y P PN Y P R R P TR NPT YR Y Y Y PP YRR YR Y YR P R Y

10%aL UPPER ST AGE a6, 41790, 763, w7730, w7638, 47790, 7634, $779C., 2566, 2566,

P P Y Y Y Y I R Y Y N N N Y PP Y R Y P R R P P N R R P RN PR Y R Ry Y R L L LR Py R

T08aL VENICLE F30B0G, 139985, I3u711, 13N0GG., 63qanz?. 63340, 62962, 63299, 16983, 17216,

Y L e R Y P R P Y Y R R Y R R L L L L L L e R L L L P L R R R R R LY L L L L]
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Table 17-9. Flight Sequeince Mass Summary
PREDICTED ACTuaL
MASS HISTORY L1 Len %6 Len
S-IC STAGE. TOTAL 2281895, SO30716., 229%0583. S027826.
S~IC/S-IT1 INTERSYAGE.TOTAL 520C. 11663, 522¢C. 11509,
S-I1 STaGE. TOTaL 480997, 10s0M17. «83021. 1064878,
S-TI/SIIv3 INTERSTASE €8S, 803S. 3638. 3021,
S~-Iv8 StaGE. TOTaL 117967, 260072. 118872, 261187,
INSTRUMENT UNIT 19%0. N276. 1940. 82177,
SPACECRAFT INCLULING LES 2732, 109680, 49915, 11004y,
1ST FLY SIG oV IGN 23%1374, 549e520, 2942790. 648772,
S-1C IMRLST BUILDUP -3810C. -385319. -38347. -84Sul.,
1SY FLT STG 4OLDDWN a%™ REL 2302674, 6399300. 2904883, 6303201,
S-1C FROST -29S. -€SC. -295. ~650.
S=IC MAIASTAGE PRUPELLANIT -2073916. -4572202. - 20689456, -u562370.,
S-1C N2 FUREE -17. -137. -17. -37.
S-IC IN3C ENGINE T.D. PRCO -783. -1727. -793. -17217,
S-IC INBL tNG EXPENCEC PROP ~185, -aCe. ~-19C. -418,
S-I1 INSULATION PURGE 348 -Su, -120. -S4, -120.
S-IT1 FROSY ~2Cu, -450, -20C., ~45QC,
S~-1va FRCSY =91. =200, -31. -200.
ISY FLY <vaGf 8y S-IC CECCS 827129, 1823506k, 833353, 1837229,
S-IC 018D ENGINE 1.0, PROP -3133. -6907, -3133. -63C9.
S-1C/7S<=~11 ULLAGE FxT PROP -33. -73. ~33. -13.
1ST FLT STaGE &Y SIC/SIT S¢EP 823362. 1916526, 33018%. 133C2us,
S-IC STRGE 8T SgPaRarvTIOM -164865, ~36346€, -1€8362. -37il7?S.
S-IC/7S-I1 INTERSTAGE S™sill -blu, -1353. -6lw, -1353.
S-~1C/s<-11 ULLAGE FXT PRCP -83. -18%, -83. -184,
2ND FLT STAGE o7 S-II SSC 859ulC. 1851523, 661127, 1857536,
S-11 FuEl LE L . ]. 3- )n
S-1C/53-1 ULLLTSE RuaY PIIF -1a8%, -ula, -18S. ~-4C7.
D FLT SYSGE a7 S-I1 IGN {S8212. 1451109, €6C9e3. 1asS7129,
S-11 T1.3. PQQFELLQN]’ -anle -1324, ~8Gle -l!ZS-
S~1! START TVanwx -1t -2%. -11. -2S.
S=I1C/75-7I JULLAGE O%T BRYP -313. -689. -309. ~-682.
OND FLT STSGE At MaINSTaGE 657288, 1w83C71., 66CC21, 1455099,
S~11 MAINSTRGE o VENTINS -q37C70. =-36357S. ~-%38829, -9367aS3.
LAUNCH ESCAPE SvySTEP -4C37. -8900. -8C6E. -9963.
S-1C/S-11 INTEDSTASE LAPGE -3369. -87150. -3996. ~-8910.
S-IT 1.0. PROPELL ANTY -58, -127. ~58. -127.
2ND FLT STAGE AV S-I1 C.D.S. 217Z15%, LIZZAR B 213013, LT3 R4 LN
S-11 T.0. PROPELLAONY -1€1. -356. -1861. ~3%6.
S-IV3 ULLAGE PROPELLANTY -2, =S -2, -S.
2ND FLT SIG AT SIT/SIvd SEP 21199%0. 467358, 212309%. 69388,
S=11 SVYaCC :7 SEPaRATION -42837, -9%040, -43102. -95028%.,
S=I17%-YVvR INTERSTAGE-DRY -3164%. -697S. -31S6. -6958,
$S-11/S-1ve 1S PROP -481. -1C060. -882. -1063.
S=-IV3 AFT FRamt ~22. -48, ~22. -88.
S-1v8 ULLAGE PROPELLaANTY -1. -3. -1. -3.
S-1vd DET PAaCKAGE -1l -3, -le -3
3RD FL T SIG At 1ST SSC 1eSu8s, 564829, 166145, 366256,
S-TIV3 ULLAGE PROPELLANTY -40, -%8. ~42. -93.
S-Ive FUCL LEAD LOSS ~0. -C. -25. -S6.
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Table 17-9. Flight Sequence Mass Summary (Continued)

MAaSS HISTORY

3RD FLT SIG &aT ST Sfva IGN
S-TIVve ULLAGE PROPELLANT
S-Iva STAQYT Tan«

S-IVE T.8. FROPELL ANY

32D FLY SIG AT “aINST8G:
S-IVA ULLAGE ROCKET CASES
S-1va MAINSYAGE PROP
S-IVE aPS PROPELL ONT

IRD FLT STIG a7 15T SIve Z0S
S-!VE '-C . pQCDELL ..‘i'

3RO FLTI STG AT END I1ST 0
S=IVR ENC PRCCE EXPENCED
S-1v3a FYCL Tewk (085S
S-TyR LOXx Tenk Q0SS
S=-TvR aP5 PROPCLL ANT
S-1ve STarRt Tank
S=IVv3 D02/42 AQURNER

SRD FLY SIG AT 2ND SSC
S-Iva FUELL LEAD LOSS

IRD FLTY STG A7 2ND SIVFE IGN
S-Tve START TaNk
S=-1ve T.5., PPOPELL ANy

IRD FLT ST5 87T MaINSTAGE
S-IVE MAINSTAGE PROF
S-IvB aPS O2CPELLENT

SRD FLTY SIG &f 2ND SIve CO0S
$=-IV3 T.0. PROPELLANT

SRD FLT SIG 47 €ND 2NC TD
JETTISON St

CONMAND SERVICE MODULE
S-Iv8 STAGE LOSS

STARY COF TRANS/DOCKINSG
COMMAND SERVICE mMOCULF
S-IVa STAGE LOSS

ENC OF TRANS/QOCKING
COMYMANE SERVICE MODULE
LUNGR mMCCULE
S-Iva sTa”Z LNSS

LAUNCH VEH AT S/7C SgPaARATICON

SPACECRAFY NOT SFEPARSYED
INSTRUMENY UNTY
S-Iva STAGE af¥ SEPARATION

17-12

PREDICTED

KG Lam
l65uuu, 3ulul,
-1C, -22.
~2e -4,
-1S5. -242,
16052176, 364372,
-61l. =135,
~-23C665. -64C713.
-2 -4,
136148, 3CCi1S4.
-4y, -29,
136103, 30CCSe.
-le, -uC,
-1128. -24%,
“1u, -32.
-31. -17%.
~1. -2
-7. -16,
134853, 2371301,
-7. -15.
134Bue, 237285,
=2 -
-133. -2°%4,
13aTi1. 296917,
~71703, -1S8C77.
-2. -4,
63CCT. 13890C¢.,
-84, -98,
62962, 1388CH.
-1110, -2580.
-28837. -63578,
-8SC. -143%,
32305, 1122¢C,
28837, 63576,
Ce. Ce.
61162, 13479,
-28937, ~63574,
-15062. -3320¢.
-232, -66C.
16943, §73S4,
~626. -138C.
-1940, ~4276€,
-1%3789, - 316931,

~ ACTuaL

KG (8.1
166077, 356137,
-8, -17.
~2. -4,
-128, -275,
165343, 53524},
-6l '1351
-23727. ~-6553¢6.
-C. =1
1361Su4. 35C169.
~62. -136.
136393. 3CCC33.
-18. ~-4C,
-9886. -2174.,
-3. '7.
‘“2. '32.
~1. -2
-7. -16.
resC3s. 23ric2.
-39, -1C9,
134986. 291533,
-2. -4,
-i18. =-26C.
134866, 237329,
~71525. ~157686.,
-t -3
63380, 139640,
°UD. ‘390
632399, 139S5C.
-t17C. ‘25’00
-28830. -§3559.
-560. -IZSU.
32739, 12117,
29830. 63553,
0. n.
615€9. 135736,
- 28330, -63559.
-15223%. -335682.
-299. -€860.
17216. 37355,
-626., -139C.
-194C, -4217,
-14650. ~32298,
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Table 17-10,

Mass Characteristics Comparison

- -

MASS LONGITUDINAL RACIAL ROLL MOMENT PITCM MOMENT YAw MOMENT
LeGe (X STA) CaGe OF INERTIA OF INERTIA OF INERTIA
EVENT - - seecrccccceca
KILO 0/0 METERS VMETERS KG=M2 O/C KG=¥M2 0/0 KG=M2 0/0
PCUNDS DEve INCHES DELTA INCMES DELTA X10-6 OEvVe X10=6 DEve X10=6 DEVe
130%67. 9e 360 00580
PRED 207850, 36847 2620847 2585 160056 164501
s-'c sf‘c‘ DRY YT YT LY YY) Crr Yyt —amoess eowss ccaacen cossase
130%88, 9e366 00000 045580 veuwdCO
ACTUAL 287898, 0eQ2 26847 000 262867 0e0000 2585 0602 164658 0602 166584 0402
52000 610622 Oelbab
PRED 116463 163847 600811 0e132 06079 Qs079
$=1C/5-11 INTER= eececacccoccccans —naeoe casaas esese cmonces ———-oae
S ACEs TOTAL 52200 416620 0¢005 Oel%6a& U.0000
ACTUAL 11509, Qe 163849 Col9 640811 GeUO0T0 Q0132 0Qe60 Qe079 Qo Qe079 Q.53
36387, 434087 Osli61
PRED 80220, 189362 609354 0.602 24017 26030
S=11 STAGE!DRY sesves ssasse socon cocasee —encose
36394, 480026 =0e060 Del76]1 CedCO0
ACTUAYL, 80236 0402 1890.8 =2440 669356 (040000 06602 0,02 16979 =l.87 20030 0402
36645 GO bbb VelS8Y
BRED LLERT 26168 dedlve 0s064 Velbb GeQbets
S=l1/5=lvE INTER~ - —asess cescse svess cconass coasaces
STAGET0TAL 3638, 060004 =04002 040589 GoewulU
ACTUAL 8021¢ =0el6 261647 =0sl0 243196 UeVUUO 040684 =0,16 06043 =0,16 Je0bés =U,elb
11352, 724562 062306
PRED 25C50. 28%56.8 940801 0.002 04300 0e300
5’1VB 5TAGE sDRY cersecacscsasecasas -meoss -—ndees - e csecesee —moaaas
11369, 12562 00000 Ve23V6 VeVULY
ACTUAL 25064, 006 2/5648 Ce0U 9eUBIUL U000 De0B2 .06 04300 0406 0¢300 0Qe06
1940 82e4l5 Qe362¢
PREC 4276 326667 lee2s22 Ce0le Q0010 Ve008
vKchE lNSfﬂuMFNf scaeaes LU T P T T —mmaamae ceaacsn
unit? 1940, H2ebl? 0e0C2 063626 Ue00CH
ACTJAL w277 CeQ2 3264448 VelUléeeld?79 UeJ29%% 04018 ue0Z QeVllU VeU2 JeO08 G002
«9732, 91536 9411006
PRE 109640, 36038 Le3566 Ge091 lev82 le583
SC‘CECH‘;Y.TOIAL EX TR Y L Er Y Y YT - - ;i -mmes - - - -- e e
49915 916521 «0401% 001106 040000 :
ACTUAL 110044, 0e37 3603,2 ®0ebC 403565 LeLOOU 04091 0Ve37 16591 D55 1e596 0464
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Table 17-10.

Mass Characteristics Comparison (Continued)

MASS LONGITUO INAL RADIAL ROLL MOMENT PITCH MOMENT YAW MOIENT
CelGe (X STA,) CeGe OF INERTIA CF INERTIA OF INERTIA
EVENT 0 D B D 2 8 0 e e o -
KILO C/0 METERS METERS KG=M2 (/0 KG-*2 0/C  KG=M2 0/0
POUNDS DEve INCHES DELIA JNCHES ODELTA X10-6 DEve X10-6 DEve X10=6 DEvVs
2961374, 300312 040039
PRED 64346200 1193.3 Oel565 34698 873.729 873,697
15T FLIGMT STAGE =weeececscaacas crcons wecaso acece cooan=s ccocnas
AT IGNITION 29742791 ¢ 3Ce 3463 0031 040039 069000
ASTUAL 0487744 Qa8 119446 1e22 Vel565 Ce0000 34702 O0el3 87%¢597 Uell 8754524 0Ue2)
29046744 306258 040039
18T FLIGHT STAGE PRES 6399301 11912 Oel565 30733 87646061 8740629
AT HOLDDOWN ARM - =scacs sasass Cltntal ] ——asm—- —tccaas
RELFASE 2906444, 306282 04025 Q000039 U60RO0
ACTUAL 6403203 0s06 119242 Ve98 061565 0e0000 30738 04613 B706666 0623 8760630 0eé)
827129 Lbeb03 Qe0136
1ST FL GMT STAGE PRED 1823506 182649 05365 3718 Qo722 %404693
AT OUTBCARD ENGIME coscons eomcane Ll ] L Lt el coananas
CUTOFF SIGNAL 833353, 460281 =0el2) 00136 =0s0000
ACTUAL 1837229+ Qe7% 182241 =4e79 005371 =0e00i3 30726 Q016 6656795 1450 4650966 1020
8231963, 6605463 040136
PRED 18186526, 183246 049385 3e716 ©360657 4360028
AT SEPARATION 830187 460647 =0012% Co0l36 =0e0Q00
ACTUAL 1830248, Q.76 182746 %696 05371 =0a0UL13 36722 Jel7 661902 1425 461,873 1.2%
65840C. 55.816 0e0182
2ND FLIGHT STAGE PRED 1651523 219746 0e7199 0e991 1354232 1356265
AT START SEQUENCE =cemccscacasc=.s secase cecsns acace B ccacpas
COMMAND 661128 550813 =000 040182 0Ce00UO
ACTULL 1457536, Cobl 219743 “Uell 0aT200 CeUCOU 06993 0626 135,696 0,34 135,747 0,37
6572088¢ 550829 0.0182
PRED 164649071, 219840 Ce7199 0979 1354111 1354124
ZND FLIGHT sT AGE on. ces essses cocaas meamees commame
AT MAINSTAGE 660021, 580825 ~=0e004 040182 V0000
ACTUAL 14590960 Qeb2 219740 =015 067200 000000 CeP8] Ue26 1354576 Q636 1350628 Q437
212156, T1led67 0s0%a0
PRED 457719, 279749 201633 0877 644637 840669
ZND F L 1 GNT S TAGE CT T T L L Ty vy coaneme Y T Ty --aee e 2 T “amswease
AT CUTCFF SIGNAL 213072 714046 <=0e02) 040543 =0.0002
ACTULL 469764 Oe23 279741 =0e83 261333 2000099 04879 0620 644903 0660 440955 0468

EL Y UL P Pt T
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SECTION 18

MISSION OBJECTIVES ACCOMPLISHMENT

Table 18-1 presents the MSFC Mandatory Objectives and Dasired Objectives
as defined in the Saturn V Mission Implementation Plan, "H" Series
Missions, Apolio 12, 13, 14 and 15; MSFC Document PM-SAT-8010.5 {Revision
B), dated August 29, 1969. An assessment of the degree of accomplishment
of eacn objective is shown. Discussion supporting the assessment can be
found in other sections of this report as shown in Table 18-1.

Table 18-1. Mission Objectives Accomplishment

MSFC MANDATORY OBJECTIVES (M0) DEGREE OF PARAGRAPH IN
NO. AND DESIRABLE OBJECTIVES (DO) ACCOMPL ] SHMENT DISCREPANCIES WHICH DISCUSSED
1 Launch on a flignt azimuth between Complete None 4.1, 4.3.2,
72 toc 96 degrees and insertion of : 1.3

S-1vB/1U/SC nto a circular earth
sarking orbit (M0).

2 Restart tne S-1VB during either the Complete None 4.1, 4.3.3,
second or third revolution and 100, 11.4
injection of the S-1VB/IU/SC onto
the planned translunar trajectory
(M0).

3 Provide the required attitude control Complete Non: 11.3.4, 11,8
for the S-1VB/1U/SC curing the TOBE ’
maneuver (MO .

4 Use S-IVB APS bum to execute a LV Complete Non- 11.4.4
evasive maneyver after ejection of
CSM/LM from S-1vB/1U (LG).

Use residual S-1VB p-opellants ard Not S-ivB/1u 4.3.5. W.2x
APS to maneuver to s« trajectory that accomplished faried to

utilizes lunar gravity to insert the schieve

expended S-IVB/IU into a solar solar orbit

orbit [slirgshot) (DO).

& Venting and dumping of all remaining Caomplete None 7.13
gases and liquids to sefe the
S-1VB/1U (DO).
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SECTION 19
SPACECRAFT SUMMARY

The Apollo 12 mission provided a wealth of scientific information in this
initial significant sten of detailed lunar exploration. The emplaced
experiments with a central transmitting station will enable scientific
-ohservation to be made for approximately 1 year of expected equipment
operation. These experiments will provide scientists with a greater
understanding of the lunar surface environment, perturbations to its
structure, and characteristic energy release. This mission will yield
more lunar sciantific data than all previous manned space missions, as
well as unmanned lunar missions. Scientists estimate that our lunar
knowledge will be advanced many osrders of magnitude after a complete
examination of the information obtained.

The space vehicle, with a crew consisting of astronauts Charles Conrad, Jr.,
Commander; Richard F. Gordon, Jr., Command Module (CM) Pilot; and Alan L.
Bean, Lunar Module (LM) Pilot; was launched from Kennedy Space Ceater,
Florida, at 11:22:00 A.M. Eastern Standard Time on November 14, 1969.

The activities during earth orbit ch2ckout, translunar injection, and
translunar coast were similar to tros2 of Apollo 11, except for the
special attention given to verifying the LM and command and service module
systems as a result of the potential electro-static discharges at 36.5

and 52 seconds. As planned, only one mid-course correction, applied at
about 31 hours to place the spacecraft on a non-free-return trajectory,
was required prior to lunar orbit irsertion. Initial checkout of LM
systems during translunar coast and in iunar orbit was satisfactory. The
Commander and the LM Pilot entered the LM for descent at about 104 hours.

The two spacecraft were undocked at about 108 hours, and descent orbit
insertion was performed at approximately 109.5 hours. One hour later,

the mission objective of achieving a precision landing was accomplished
using the automatic guidance system, with small manual corrections applied
in the final phase of descent. The spacecraft touched down at 110:32:34
in the Ocean of Storms only €00 feet from the Surveyor IIl spacecraft.

The landing coordinates were 3.2 degrees south latitude and 23.4 degrees
west lorgitude.

Two hours after landing, the crewwen configured the LM cabin vor depressur-
ization and completed preparations for egress. As the Commander descended
to the surface, he deployed the modularized equipment storage assembly,
which permitted transmission of color television pictures. The talevision
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camera, however, subsequently failed. The first extravehicular activity
pericd began at 115.25 hours. After ascisting the Commanger with trans-
fer of 2 contingency sample to the LM, the LM Pilot descended to the
surface and erected the solar wind composition foil. The crew then de-
ployed the Apollo lunar surface 2xperiments package, which included a

<old cathode jon guge, a lunar surface magnetometer, a passive seismometer,
a soiar wind spectrometer, a dust detector, and a suprathermal ion detec-
tor. Un the returr traverse, the crew collected a core-tube scil specimen
and additional surface samples. The duration of the first extravehicular
activity period was 4 hours.

Following a 7 hour rest period, the second extravehicu.ar activity period
began at 131.5 hours with preparatior for the geology traverse. Docu-
mentea sanples, core-tube samples, trench site samples, and gas analysis
samples were collected on the traverse to the Surveyor 11! spacecraft,
The crew photographed the Surveyor and from it retrieved a cable, a
painted tube, an unpainted tube, the television camera, and the scoop.
Following the return traverse, the solar wind composition foil 13s re-
trieved. The second extravehicular activity period was termina.od at
135.¢5 hours for a duration of 3.75 hours. Crew mobility and portable
1ife support system operaticon, as in Apollo 11, were excellent through-
out the total 7 hour 46 minute extravehicular period.

The ascent stage lifted off the lunar surface at 142 aours. Firing of
the ascent engire placed the vehicle into a 62- by 9 n mi-orbit. The
ascent engine burned about 1.2 seconds longer than planned, and subse-
quent nulling of the overburn by the crew returned the orbit to the
planned orbit of 45 by 9 n mi. After a nominal rendezvous seguence,

the two spacecraft were docked at 145.5 hours. The ascent stage was
jettisoned fullowing crew transfer and was maneuvered remotely to impact
on the lunar surface: impact occurred at 150 hours approximately 40 n mi

from the descent stage.

After a period of extensive landmark tracking and photography, transearth
i1 jecticn was eccomplished with the service propulsion engine during the
45th lunar orbit revolution at 172.5 hours. The lunar orbit photography
was conducted using a 500 MM longrange lens to obtain mapping and train-
ing data for Apollo 13. During transearth coast, two midcourse correc-
tions were required, and the entry sequence was normal. The CM landed

in the Pacific Ocean at 244.5 hours. The landing coordinates, as deter-
mined from the onboard computer, were 15 degrees 47 minutes scuth latitude
and 165 d2grees 11 minutes west longitude.
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APPENDIX A
ATMOSPHERE

A.1  SUMMARY

This appendix presents a summary of the atmospheric environment at launch
tire of the AS-507. The fcrmat of these data is similar to that presented
on previous launches of Saturn vehicles to permit comparisons. Surface
and upper winds, and thermodynamic data near the launch time are given.

A.2 GENERAL ATMOSPHERIC CONDITIONS AT LAUNCH TIME

A cold front was moving slowly southward through the central section of
Florida and was near the pad at launch time. This cold front produced
the rain showers and overcast conditions that existed over the pad at
launch time.

Discussion of the atmospheric electrical discharge to the AS-507 Apollo-
Saturn vehicle is included in the general discussion of the lightning
phenomena in Section 12A.

A.3 SURFACE OBSERVATIONS AT LAUNCH TIME

At Taunch time cinuds were 10/10 stratocumulus with bases estimated at
0.6 kilometer (2100 ft). Cloud tops were observed by aircraft befove
launch to be 5.8 to 6.1 kilometers (19,060 to 20,000 ft) altitude. No
solar radiation data is available to urusent here due to overcast
conditions. Surface observations 2t launch time are summarized in
Table £-1.

A.4 UPPER AIR MEASUREMENTS

Data were used from three of the upper air wind systems to compile the
final meteorological tape. Table A-2 summarizes the data systems used.

A.4.1 Wind Speed

The wind speed was 6.8 m/s {13.3 knots) at the surface, and increased to

a peak of 47.6 m/s (92.5 v-ots) at 14.23 kilometers (46,570 ft). The wind
speed then decreased to 4.9 m/s (9.5 knots) at 23.38 kilometers {76,690 ft).
Above this altitude the wind speed continued to increase again as shown

in Figure A-1.
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Table A-1. Surface Observations at AS-507 Launch Time
~ WIND
TIME | PRES- TEW- oew | wisi- HEIGHT
LOCATION AFTER| SURE, | PERATLRE |POINT| BILITY | MMOUNT |SKY COVER | OF BASE | SPEED | ..o
T-0 | N/Cm °K % KM {TENTHS) | TYPE METERS /s | 10€6)
(MIN) | (PSIA) (°F) (°F)| (STAT 1) (FEET) | (xNOTS)
Nennedy Space o {rw.081 | 293.2 [201.8] 6 0 jstrate- |  64&- 2.6 | 2%
Center, Florida 04.62) (68.0) [65.0) 4) jcumulus {2100)~ | (5.0}
Cape kennedy
Rawinsonde
Neasurements™
Pad 39A Lightpole | G -- - - - - - - 6.8 | 280
SE 18.3m 1as3 |
(60.3 ft)e

i

*No values given here due to the fact .

¢*ihove natural grade.

-Cstimatee.

* ~ai nsonde data was odtained at 312 mingtes.

Table A-2. Systems Used to Measure.lbp'er Air Wind Data for AS-507

RELEASE TIME PORTION OF DATA USED
. START END
TYPE OF DATA TIME
TIME | AFTER TV p—
(ut) | T-0 | ALTITUDE = | ALTITUDE | .
AFTER AFTER
(MINY 1 M 0| M T-0
(FT) on) | FD o)
FPS-16 Jimsphere | 1650 | 28 0 28 18,975 | 78
149,130)
Rawinsonde 2045 | 263 15,000 312 | 25,000 345
(49,215) (82,020)
Loki Dart 1208 | 106 54,750 106 25,250 | 127
k179,625) (82,840)
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A.4.2 Wind Direction

At launch time the surface wind direction was from the west and stayed
approximately westerly with altitude as s.own in Figure A-2. The surface
wind speed 2nd surface wind direction values, shown in Figures A-1 and A-2,
disagree with the surface values due to the fact that the cold front had
not yet passed the FPS-16 jimsphere release station at release time.

A.4.3 Pitch Wind Component

The surface pitch wind speed component was a tail wind of 3.8 m/s
(7.4 knots). A maximum tail wind of 47.2 m/s (91.7 knots) was observed
at 14.23 kilometers (46,670 ft) altitude. See Figure A-3.

A.4.4 Yaw Wind Component

The yaw wind speed component at the surface was a wind from the right
of 5.9 m/s (11.4 knots). The pz2ak yaw wind speed was a wind from the
right of 19.5 m/s (37.9 knots) at 13.65 kilometers (44,780 ft) altitude.
See Figure A-4.

A.4&.5 Component Wind Shears

The largest component wind shear (4h = 1000 m) in the altitude range of

8 to 16 kilometers (26,247 to 52,493 ft) was a pitch shear of 0.0183 sec-!
at 14.3 kilometers (46,750 ft). The largest yaw wind shear, in the lower
levels, was 0.0178 sec-1 at 14.6 kilometers (47,820 ft). See Figure A-5.

A.4.6 Extreme Wind Data in the High Dynamic Region

A sumnary of the maximum wind speeds and wind components is given in
Table A-3. A summary of the extreme wind shear values is given in
Table A-4.

A.5 THERMODYNAMIC DATA

Comparisons of the thermmodynamic data taken at AS-507 launch time with
the Patrick Reference Atmosphere, 1963 (PRA-63) for temperature, density,
pressure, and Optical Index of Refraction are shown in Figures A-6 and
A-7 and discussed in the following paragraphs.

A.5.1 Temperature

Atmospheric temperature deviations were small, being less than 5 percent
deviation from the PRA-63. From the surface up to 14.8 kilometers
(48,560 ft) the air temperature was colder than the PRA-63. Above

this altitude the temperature at most levels was warmer than the PRA-63.
See Figure A-6.
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Table A-3.

Maximum Wind Speed in High Dynamic Pressure Region for

Apollo/Saturn 501 through Apollo/Satum 507 Vehicles

MAXIMUM WIND  MAXIMUM WIND COMPONENTS
VEHTOE T """ \ T
M/ (R KM M/S KM M/S KM

(+NDTS) Y {FT) {I%NTS) (¢,1) | (kNoOTS) (FT)
AS - 5i 26.0 2713 11.50 24.3 11.50] 12.9 9.00
(50.5) (37.,700) (47.2) (37,700) § (25.1) {29,500)
AS-507 27.1 255 12.60 273 12.00] 12.¢ 15.75
(52.7) (42 ,600) {52.7) (42,600)] (25.1) (51,700)
AS-503 3.8 284 15.22 N.2 15.10] 22.¢ 15.80
(67.6) (49,300 {66.6) {29,500} | (43.9) {(51,800)
AS-504 76.2 264 11.73 74.5 .70 217 11.43
' 11381} (35.,480) | (144.8) (32.390)) (42.2) {37,500)
AS-505 42.5 270 ! 14.18 10.8 13.80f 5.7 14.85
(82.6) {46,520) (79.3) {45,280)| (36.3) 148,720)
AS-506 9.6 297 .46 7.6 11.18 7.1 12.05
(18.7) {37,400) (13.8) {36,680)] (13.8) {39,530)
AS-507 a7.6 235 i4.23 47.¢ 14.23] 19.5 13.65
(92.5) (36,670) (91.7) (46,670) | (37.9) {44,780}

A.5.2 Atmospheric Density

Positive atmosphteric density deviations were small, being less than

3 percent of the PRA-63 for all altitudes.

The largest negative

deviation of density was -8.4 percent at 17.0 kilometers (55,770 ft)
See Figure A-6.

altitude.

A.5.3 htmospneric Pressure

Atmospheric pressure devia.iors were less than 6 percent from the PRA-63
pressure values at all altitudes as shown in Figure A-7.
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A.5.4 Optical Index of Refraction

At the surface, the Optical Index of Refraction was 5.5 x 1078 units
Tower than the corresponding value of the PRA-63. The deviation became
less negative with altitude, becoming a maximum pcsitive deviation of
1.1 x 15-6 units greater than the corresponding value of the PRA-€3

at 10.5 kilometers (34,450 ft). Above this altitude the Optica® Index
of Refraction was less than the corvesponding PRA-63 v¢lue and then it
approximates the PRA-63 at high altitudes. See Figuve A-7.

Table A-4. Extreme ilind Shear Values in the Hign Dynamic Pressure Region

for Apollo./Saturn 501 through Apollo/Saturn 507 Vehicles

(ah = 1000 m)
PITCH PLANE YAW PLANE
VEHICLE '
NUMBER SHEAR ALTITUDE SHEAR mguoe
(SEC-1) (‘g‘) (SEC-1) | (M
AS-501 0.0066 10.00 0.0067 10.00
(32,800) | (32,800)
AS-502 0.0125 14.90 0.0084 13.28
(48,900) (43,500)
AS-503 0.010: 16.00 0.0157 15.78
(52,500) (51,800)
AS-504 0.0248 15.15 0.0754 14.68
(49,700) (48,160)
A3-505 0.0203 15.30 0.0125 15.53
(50,200) (50,950)
AS-506 0.0077 14.78 0.0056 10.30
(48,490) (33,790)
AS-507 0.0133 14.25 0.0178 14.58
(46,750) (47,820)
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A.6 COMPARISON OF SELECTED ATMOSPHERIC DATA FOR SATURN V LAUNCHES
A summary of the atmospheric data for each Saturn V launch is shown in
Table A-5.

Table A-5. Selected Atmospheric Obs:2rvations for Apollo/Saturn 501 Through
Apollo/Satum 507 Vehicle Launches ot Kennedy Space Center, Florida

veICLE DATA SURFACE DATA WL CONDITIONS
- RELATIVE wlnpe ) SARIRN 1D 1N B-16 XM LAVER
VEWILLE ATE aEAtgey  CAUNCH | PRESSURE  TEWPERA.  UMLDITY cLouos
NBER - ;!.w,{' s R LV N TURE L PERENT sPetd SIRECTION ) ATITUDE  SPEED  DIMECTION
v s DES § fad n/S DEG
AS-80Y 9 %ov 67 3702 €57 I9A 10.261 e 5% 4.9 70 1710 cumlus .50 26.0 M
5. 502 2 &pr 638 I .7 398 19200 0.9 83 5.8 132 5710 st=atocumlus, 13.9%0 22 258
. /10 civews
zs-s1 B0 Dec 38 0781 QST ERl ) 10.437 .2 ] 1.0 %0 4710 cieruy Wil M8 b
&3-304 3 " 69 100 EST kL1 10.09% 19 ¢ '8 6.3 %0 7710 stratocemulvs, n."n %.2 2164
. 10710 altostrates -
a5.535 118 wgy 99 Thea et 338 15,190 6.7 s 8.2 B F o 4710 cumlus, 18,18 2.5 n
2/10 altocumatus,
16730 Sierus
As-5 16 Jul ©I o83 €07 ELTY 10,203 9.8 75 1.3 78 1S rumetus, .80 9.6 297
2710 altoceswius,
410 tirrosteatus
AS-507 14 Now 69 122 EST EL1) 10 08" 23 2 ? 6.8 280 13710 stratocumslys . L3R 3 285
AR LL] .

*lnssantanecus readings from charts 2t T-0 fram anenometevs om Pnech Sl e 2.1 m {60.0 ft) on Yaunch complen 39 (ASB}. MNeVghts of ameremptavs
are sbowe naterdi grade.
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APPENDIX B
AS-507 SIGNIFICANT CONFIGURATION CHANGES

B.1  INTRODUCTION

AS-507, seventy flight of the Saturn V series, was the fifth manned Apollo
Saturn V venicle. The AS-507 launch vehicle configuration was essentially
the same as the S-506 with significant exceptions shown in Tables B-1
through B-3. (There were no significant configuration changes on the S-IC
stage.) The basic AS-507 Apollo 12 spacecraft structure and components
were unchanged from the AS-504 Apoilo 9 configuratior except Lunar Module
(LM) crew provisions were accompanied by portable 1ife support systems and
associated controls required to accommodate extra vehicular surface activ-
ity, similar to AS-506, Apollo 11. The basic vehicle aescription is
presented in Appendix B of the Saturm V Launch Vehicle Fllght Evaluation
Report AS-504, Apollo 9 Mission, MPR-SAT-FE-69-4. , '

-

Table B-1. S-II Significant Configuration Changes
SYSTEM | CHANGE REASON
Structure Change in J-2 engine pre-cant To reduce the thrust cone heating
angle from 2.3 degrees to 1.3 rate during the interstage-on
degrees. portion of flight by 25 percent
thereby allowing the mission to
continue to S-1I stage propeliant
depletion in the event of an
actuator failure hardover-outboard
occurring either prior to or after
S-I1 stage/interstage separation
(i.e., ilinates flight mission
rule 6-8A),
Propellant Addition of parallel wire to To surply rated voltage at com-
Utilization PU computer. puter interface under all stage
bus normal limits.
instrumentaticn Addition of three new prussure To provide data for evaluation
measurements, three rew vibra- of low freguency oscillations
tion measurements, and re- at end of S-1] boost period.
channelization of three
pressure measurements.
Launch Vehicle Change $7-41 start tank pres- To provide greater margin for
Ground Support surizing regulator range Sround Support Equipment (GSE)
Equisment setting from 1175 &15 psia to satisfy liftoff redlines.
{LVGSE) to 1225 ¢25 psia.
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Table B-2.

S-1VB Significant Configuration Changes

SYSTEM CHANGE REASON
Instrumentation Added one SS/FM link. To better deline the low frequency
vibration which occurred on AS-505
and to investigate the acoustic
Added 12 accoustic, 5 vibra- environment on the S-I1/S-IVB
tion and 2 miscellaneous interstage below the protruding
measurements . APS module.
Table B-3. U Significant Configuration Changes
SYSTEM CHANGE REASON
tnvironmental The preflight air/GNy purge Additional ducts were routed
Control duct was modified at locations to the Radio Isotope Thermo-
19 and 23. Ducting, brackets, Electrical Generator (RTG)
and nozzles similar to those fuel cask located in the LM
used on 5-1U-505 were installed] descent stage to provide pre-
on S-1U-507. flight coo’ing.
The MFCYV will be driven to Increase ECS reliability by
zero bypass orior to liftoff. driving Modulating Flow Control
Valve ?MFCV) to zero bypass
prior to going into the flight
mode.
Thermal switch settings for These settings determined from
S-1U-507 Environmental preflight test data.
Control System (ECS).
Open: 59.6°F
Close: 60.3°F
Second source ECS pump will This pump is being flown as
be flown as primary on part of its flight qualifi-
'S-1U-507. cation program.
Instrumentation New desigri Command and Communi-| The switches flown on S-IU-501
and Commnuni- cations System (CCS) coaxial through S-1U-506 were subject
cations switch flown on S-1U-507. to failure if the switch lost

Two S-IVB vibration measure-
ments added to the DF-1 tele-
metry link.

Added Measurements:

€399-411 Bending Mode
Vibration, Pitch
ForwarJd

Bending Mode
Vibration, Yaw
Forward

£100-411

internal pressure. Failures
occurred on S-1U-505 and S-1U-506
resulting in loss of CCS down-
Tink.

Added to monitor low frequency
structural vibrations.
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Table B-3.

IU Significant Configuration Changes (Continued)

SYSTEM

CHANGE

REASON

Networks

Special
tquipment

Flight
Programs

Additional cables and modi-
fications tc the measuring
distributor and DF-1 M
assembly.

Cable modified to interchange
INT 2 and DIN 17 functions.

Coolant pump filter not in

1U networks on S-1uU-507.

Four underwater location
devices added to the IU.

First generalized flight
program to be flown.

S-11 two engine out detection
capability.

Modifications were required
to add two S-IVB vibration
measurements to the OF-1
telemetry system.

Provide an interrupt to the
LVDA indicating spacecraft
commanded S-IVB €C0 and a
discrete input for S-IC
center engine out A.

Second-source (vendor)
coolant pump has an
internal filter.

These are self contained
devices attached to IU cold-
plates to assist in locating
the LM RTG fuel cask in the
event of an over the water
abort.

Facilitates easier program
modification and promotes

economical utilizavion of

LVDC core memory.

Prior to this, only one S-II
engine out couid be detected
by the program.
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